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Piffaee 


As  studsnta  in  the  Air  Poiros  Instltut*  of  Toehnology's  Gnduato 
Pvogrui  In  Space  Operations,  m  are  quite  intereeted  in  the  paroigress 
of  the  Space  Transportation  Syatea,  This  apaieB  will  he  the  priaary 
Beans  of  launching  OoD  paploada  into  earth  orhlt*  In  fact,  DoD 
payloada  will  fly  on  up  to  half  of  all  flights  after  1968.  ThBrefom. 
any  short  falls  the  eystea  aay  have  in  launch  rate  oapaMlity  will 
have  a  big  iapaot  on  OoD.  A  review  of  the  trade  literature  indicated 
that  the  syatea  has  already  reached  the  point  of  aaturation  and  that 
MASA  has  been  unable  to  fund  the  hardware  procursBent  and  facility 
construction  needed  to  inoreaae  the  syatea  laanoh  rate  to  a  level 
sufficient  to  aeet  user  needs.  Therefore,  additional  eperatianal 
fundif^  Hill  have  to  be  applied  to  the  systea  in  the  near  future.  As 
this  fundiiq(  la  bound  to  be  liaited.  it  Mist  be  wisely  spent  on  those 
portions  of  the  systea  which  will  oontribute  greatest  to  inoreasing 
the  launch  rate.  The  purpose  of  our  thesis  was  to  develop  a  launch 
rate  enhanoeaent  plan  whioh  will  present  tHe  proper  sequenoe  in  which 
flight  hardware  and  facilities  should  be  added.  This  plan  also  had  to 
provide  accurate  estiaatea  of  STS  launch  rate  eapability  given  various 
oonflgurations  of  hardware  and  facilities.  Therefore,  the  pocobleB  was 
to  develop  a  aethod  whioh  would  aoouratoly  predict  STS  laun^  rate 
oapability  and  Identify  the  bottleneoka  in  the  eystea.  Two  aneh 
aethods  were  devised.  The  analytio  aethod  was  originally  intended  for 
use  in  validating  the  siaulation  results,  but  it  was  found  to  be 
aoourate  enough  to  be  useful  by  itself.  Of  oouree.  If  the  neat 
aeeurate  resulta  are  desired,  the  siaulation  aethod  is  the  one  to  uas. 
The  launch  enhanoeaent  plan  developed  frea  the  two  aodela  is  preaented 


U 
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In  Chapter  VI.  As  axpsoted,  tha  eapaeitp  ot  tbs  spatea  is  Isas  than 
that  anticipated  hy  tha  ounant  flight  sohadala.  Tha  plan  can  tharafoca 
te  uaad  aa  a  guide  to  datendna  ahat  faeilitias  and  hardwava  to  add  to 
aaet  tha  sohadulad  flights.  In  addition,  it  jroaldaa  plannsra  with  a 
tool  to  Judge  tha  finanoial  viahllitp  of  Baatii«  various  launch  rates. 
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Abatraet 

The  Spaoe  Trmnsportatlon  Systen  (STS)  Is  telng  dsvelopsd  Igr  NASA 
for  NASA,  OoD,  and  oosBoroisl  use.  Nstlonsl  Spsoe  Policy  dlotstss 
that  the  STS  lieoose  NASA's  and  OoD's  prlnary  neans  for  launohlag  pay¬ 
loads  into  earth  orbit.  Unfortunately,  the  ourrent  flight  aanlfest 
saturaiee  STS  launoh  rate  oapabillty.  Therefore,  additional  operational 
funding  Hill  be  required  to  increase  it.  This  funding  oust  be  applied 
to  those  portions  of  the'systes  which  contribute  greatest  to  inoroasiog 
the  systes  launch  rate.  This  study  presents  two  sethods  for  deter- 
sining  the  systes  launoh  rate,  Identifying  the  bottleneoks,  and 
developing  a  launch  enhanoenent  plan.  The  analytic  nethod  is  fairly 
easily  and  qulokly  done,  using  the  data  provided  in  the  NASA  Suattle 
Turnaround  Analysis  Report,  while  the  QrGBRT  sinulation  nethod  gives 
sore  accurate  estiaates  of  launoh  rate  oapabillty.  Plans  are  presented 
to  show  the  facility  oonf Iguratlons  and  flight  hardware  levels 
required  to  produce  various  launoh  rates  at  Kennedy  Space  Center,  The 
capacity  of  VAFB  was  detemined,  but  no  launoh  enhanoenent  plan  was 
developed  for  it  since  an  increase  in  its  launch  rate  would  require 
the  obvlDur;  duplication  of  nost  of  its  facilities.  The  nethods  presented 
can  be  used  on  the  data  provided  in  future  STARs, 
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AN  ANALYSIS  OF  THE  SPACE  TRANSPORTATiON  SYSTEK  UUNCH 
RATE  CAPABILITY  UTILIZING  (J-CERT  SIMULATION  TECHNIQUES 

I,  Introduction 

Th«  Space  Transportation  System  (STS)  Is  telng  developed  by  NASA 
for  NASA,  DoD,  and  commercial  use.  This  system  Is  comprised  of  the 
Space  Shuttle  flight  hardware,  their  production  facilities,  and  the 
launch  processing  facilities  at  Kennedy  Space  Center  (kSC)  and 
Vandenberg  AFP  (VAFP).  National  Space  Policy  directs  that  the  STS  be 
the  primary  resouxe  for  launching  payloads  Into  orbit.  It  also  directs 
DoD  to  assure  the  systems  utility  for  national  defense  (Ref  li2-3). 
Therefore,  most  DoD  payloads  will  he  launched  by  the  STS.  In  fact,  the 
current  flight  manifest  shows  that  1%  of  the  STS  flights  scheduled 
between  1982  and  1988  will  carry  DoD  payloads,  and  the  percentage  will 
rise  to  50<  after  that  (Ref  2i42).  These  DoD  payloads  will  Include 
missile  warning,  surveillance,  communication,  navigational,  and  meteo¬ 
rological  satellites  (Ref  2i40).  In  addition,  technology  now  being 
developed  could  be  Integrated  into  space  based  weapon  systems  for 
national  defense.  Some  of  these  systems  would  require  STS  launch  due  to 
their  large  size  (Refs  3>15t  &nd  4|4l). 

Unfortunately,  currently  scheduled  flights  already  saturate  STS 
capability,  and  high  system  development  costs  have  prevented  NASA  from 
procuring  the  flight  hardware  and  processing  facilities  needed  to 
produce  the  launch  rate  required  to  meet  user  needs  (Refs  5<20|  and 
6i 16-17),  Therefore,  additional  operational  funding  will  be  required 
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to  Increase  the  STS  launch  rate.  However,  ti^ht  economic  conditions  and 
the  najor  ailitary  nodernlzatlon  progran  underway  will  make  funding  for 
apace  projects  hard  to  obtain.  That  space  funding  which  is  obtained 
mat  be  wisely  spent  to  insure  that  critical  national  defense  needs  are 
■et.  Therefore,  operational  funding  for  STS  launch  rate  enhancement 
must  be  spent  on  those  portions  of  the  system  which  will  contribute 
greatest  to  increasing  the  system  launch  rate. 

Problem  and  Scope 

The  purpose  of  this  thesis  is  to  develop  a  plan  for  increasing  the 
STS  launch  rate  capability.  The  problem  is  to  develop  a  method  which 
can  accurately  predict  STS  launch  rate  capability  given  various  facility 
configurations  and  flight  hardware  levels.  This  method  must  take  into 
account  the  flow  of  flight  hardware  through  the  launch  processing 
facilities,  and  properly  reflect  the  complex  interactions  among  these 
facilities  and  hardware.  By  accurately  predicting  system  launch  rates, 
the  method  can  be  used  to  identify  the  bottlenecks  in  the  STS,  A  plan 
can  then  be  developed  to  Incrementally  add  capability  to  the  bottlenecks 
in  order  to  Increase  the  system  launch  rate. 

Increases  in  STS  capability  are  obtained  by  the  addition  of  work 
shifts  or  by  facility  and  hardware  proourement  rather  than  by  task  flow 
adjustment.  The  latter  method  is  limited  by  system  design  and  is  best 
left  to  the  managers  of  the  individual  work  centers.  No  fundir^  limits 
axe  assumed.  Ihe  developed  plan  simply  shows  what  work  shifts  and 
facilities  have  to  be  added,  and  what  hardware  has  to  be  procuzed  to 
meet  various  launch  rates.  It  is  left  to  NASA/DoD  management  to  balance 
the  costs  associated  with  achieving  a  particular  launch  rate  against  the 
value  of  the  payloads  and  budgetary  constraints. 
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OnraX  Approach 

This  study  uses  a  nstuork  to  model  the  STS  launch  process 

flow.  The  Q-Gert  approach  is  used  because  It  is  a  computer  analysis 
tool  which  permits  direct  computer  analysis  on  graphically  modeled 
systems  (Ref  7ivll).  The  output  from  Uie  Q-GERT  Analysis  Program  Is 
used  to  identify  the  bottleneek(s)  In  the  STS  process  flow  (Ref  7i52- 
55)*  Capacity  is  then  added  at  the  bottleneck(s)  and  the  Analysis 
Program  is  rerun.  Successive  outputs  are  compared  to  determine  if 
observed  launch  rate  increases  are  statistically  significant.  This 
process  is  repeated  until  the  desired  STS  launch  rate  is  achieved. 

The  results  are  then  tabulated,  showing  the  facilities/hardware 
required  to  achieve  various  launch  rates. 

Sequence  of  Presentation 

The  Space  Transportation  System  is  described  in  Chapter  II,  The 
research  design  provided  in  Chapter  III  shows  the  approach  used  to 
develop  and  analyse  the  Q-GERT  model  of  the  STS,  Chapter  III  also 
provides  parametric  descriptions  and  the  statistical  testing  techniques 
use.  Described  in  Chapter  IV  are  the  steps  taken  to  verify  emd  validate 
the  Q-GERT  model  and  the  computer  results.  An  analytic  approach  which 
aided  this  validation  effort  is  described  in  Chapter  V,  The  procedure 
used  to  apply  the  Q-GERT  techniques  to  determine  the  launch  rate 
enhancement  plan  is  covered  in  Chapter  VI.  This  Chapter  also  includes 
a  section  on  sensitivity  analysis.  Finally,  the  results  are  presented 
in  Chapter  VII,  and  some  recommendations  for  future  study  in  Chapter 
VIII, 
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ASBUHTltlonB 

This  study  hsses  Its  exsnlnstion  of  the  STS  on  the  facilities  and 
hardware  which  will  be  available  by  the  beglnnlr«  of  fiscal  year  I987. 
All  of  the  facility  upgrades  and  hardware  procurement  contained  In 
current  funding  plans  are  scheduled  to  be  operational  by  then.  It  Is 
aaauaed  that  this  schedule  will  hold.  The  facility  upgrades  Include  a 
second  launch  pad  and  a  solid  rocket  Processing  and  Storage  Facility 
(PSP)  (Ref  8168).  Plight  hardware  procurement  will  bring  the  number 
of  Orblters  to  4  and  the  External  Tank  (ET)  production  rate  to  Its 
current  limit  of  24  per  year  (Refs  9il00f  and  I0i79).  Plans  exist  to 
Install  the  tooling  required  to  Increase  the  ET  production  rate  to  55 
per  year,  but  the  required  fiindlng  Is  not  being  provided  (Refs  10i79j 
and  61 16),  However,  the  Solid  Rocket  Motor  (SRM)  production  facility 
Is  capable  of  handling  the  maximum  envisioned  production  rate  (Ref  Hi 
27). 

It  Is  assumed  that  no  accidents  occur  to  reduce  the  STS  launch  rate 
capability.  Orblter  damage  or  loss  Is  not  considered,  and  accidents, 
such  as  hypexgollc  fuel  spillage,  are  not  allowed  to  Interrupt  the  STS 
work  flow. 

Much  of  the  data  used  for  the  model  parameters  Is  obtained  form 
the  amttle  Turnaround  Analysis  Report  (STAR  23)  prepared  by  NASA 
(Ref  12).  This  report  charts  the  progress  being  made  to  meet  the  ground 
turnaround  design  goal  of  I60  work  hours.  The  turnaround  time  Includes 
all  the  activities  which  take  place  between  the  time  an  Orblter  lands 
and  la  launched  again.  The  report  lists  the  various  activities  which 
are  required  to  prepare  a  Shuttle  Vehicle  for  launch.  Allocated  and 
aaaeaaed  times  are  provided  for  each  activity.  The  allocated  times 
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are  those  necessary  to  aeet  the  l6o  hour  design  goal,  Khlls  the  assessed 
tines  are  those  expected  when  the  Shuttle  Progran  is  fully  operational. 
The  assessed  tines  assune  that  procedures  and  tasks  have  been  optimised, 
and  that  personnel  have  achieved  their  naxinun  level  of  proficiency 
(Ref  l2i2-2). 

Finally,  it  is  assumed  that  payloads  are  available  when  needed, 
and  that  the  payload  manifest  for  flights  5  through  63  is  representa¬ 
tive  of  the  various  types  of  payloads  and  their  relative  numbers 
(Ref  9). 

Literature  Review 

An  extensive  review  of  technical  and  professional  literature  was 
accomplished.  Library  indices,  such  as  the  NASA  Star  Abstracts,  were 
thoroughly  searched  for  studies  which  examined  the  STS  launch  rate. 

The  NASA  Shuttle  Turnaround  Analysis  Report,  mentioned  earlier,  was 
found  in  this  manner.  NASA  and  Defense  Technical  Information  Center 
(one)  computer  literature  searches  revealed  STS  description  reports 
and  environmental  impact  statements.  Also  reviewed  were  periodicals 
suoh  as  Aviation  Week  A  Space  Technology,  and  :^ournals  such  as 
Simulation  (Refs  13l  and  14).  The  only  article  found  on  the  subject  of 
STS  launch  rate  was  published  in  the  .Tune  19B2  issue  of  Simulation. 

The  article,  ''Anal]rsis  of  Space  Shuttle  Ground  Operations,”  was 
written  by  James  R.  Wilson,  David  K.  Vaughan,  Edward  Naylor,  and 
Robert  G.  Voss  (Ref  15).  Their  report  presented  a  method  for  deter¬ 
mining  the  probability  of  meeting  a  given  STS  flight  schedule.  Their 
method  also  determines  the  dates  by  which  various  hardware  components 
required  for  a  particular  flight  must  be  available  for  launch 
prooessing  activities  (Ref  I51I87).  Iheir  use  of  simulation  techniques 
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l8  siallar  to  the  ones  used  in  this  study.  However ,  their  etudy  did 
not  directly  identify  the  bottlenecks  in  the  STS  or  list  a  plan  for 
adding  capacity  to  the  systes. 

Ibis  thesis  makes  extensive  use  of  the  computer  simulation 

techniques  provided  in  A.  Alan  E.  Pritsker's  Modeling  and  Analysis 
Using  ft-GERT  Networks  (Ref  ?) .  The  Q-GBRT  simulation  language  was 
developed  to  examine  networic  flows  In  complex  systems  (Ref  7ivll-vlll). 
Some  of  the  systems  it  has  been  used  to  analyse  are  truck  hauling 
operations,  oil  tanker  port  service  facilities,  and  air  cargo  terminals 
(Ref  7i 7, 216, 371,  and  375). 

Analytic  techniques  were  examined  for  their  usefulness  in  solving 
the  launch  rate  problem.  However,  the  discontlnous  nature  of  the  STS 
model's  controllable  variables,  the  lack  of  a  solvable  objective  function 
to  relate  those  variables  to  system  launch  rate,  and  the  stocastic  nature 
of  the  STS  launch  process  prevented  the  use  of  linear  programming  tech¬ 
niques  such  as  SIMPI£X  and  integer  programming  (Refs  l6i 165,261,  and 
437i  and  I7f475).  Queueing  Theory  was  adequate  to  model  portions  of  the 
system,  but  the  complexity  of  the  system,  and  the  probablistie  nature  of 
Its  service  activities,  made  an  analytic  solution  computationally 
Infeasible  (Ref  16|432),  Therefore,  simulation  techniques  were  used  to 
generate  representative  samples  of  the  system  launch  rate  and  to 
Identify  bottlenecks  in  the  system  (Ref  16|437). 

A  Network  Theory  approach  was  used  on  a  substantially  simplified 
model  of  the  STS  to  produce  estimates  of  the  STS  launch  rates  (Ref  I8t 
483-505).  However,  the  simplification  process  made  this  analytic 
solution  less  accurate  than  the  simulation  solution.  Therefore,  the 
anal]rtlo  estimates  were  used  only  to  compare  to  the  simulation  results 
In  order  to  validate  the  latter. 
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ItM  STS  la  ooaTTlaad  of  flight  hardware  and  the  iiroductlon  and 
prooeaalng  facilities  whloh  support  that  hardware.  Flight  hardware 
Ineludss  Space  Shuttle  Orblters,  External  Tanks,  and  Solid  Itocket 
Boosters  (SRBs).  Production  facilities  include  the  Tblokol  plant  which 
produoes  the  SRBs,  and  the  NASA  Nlchoud  facility  at  which  Martin 
Marietta  produoes  External  Tanks.  Launch  processing  facilities  exist 
at  Kennedy  Space  Onter  (KSC)  and  Vandenherg  AFB  (VAPB) ,  Flights 
requiring  orbital  inclinations  below  5?  degrees  are  launched  from  KSC, 
while  these  requiring  higher  inclinations  will  be  launched  from  VAFR 
(Ref  I9il3).  Hestrlctlona  against  overland  launches  prevent  either  site 
from  acting  as  a  backup  for  the  other. 

Kennedy  Space  Center 

A  typical  STS  flight  at  KSC  begins  In  the  Orblter  Processing 
I^aolllty  (oPF).  In  this  facility,  the  Orblter  is  serviced,  equipment 
from  the  previous  flight  is  removed,  and  the  payload  bay  is  prepared 
for  the  next  flight.  Although  Spacelab  equipment  is  Installed  in  this 
facility,  free  flying  satellites  are  Inserted  into  the  Shuttle  bay  at 
the  launch  pad  (Ref  20).  Concurrently,  an  SRB  pair  is  assembled.  The 
aft  aklrt  and  rear  segment  for  each  SRB  are  assembled  in  the  Processing 
and  Storage  Facility  (PSF).  That  assembly  Is  then  moved  to  a  High  Bay 
In  the  Vehicle  Assembly  Building  (VAB)  and  attached  to  a  Fobile  Launch 
Platform  (MLP).  The  remaining  SRB  segments  and  the  forward  skirt  are 
staoked,  and  an  External  Tank  attached.  After  the  Orblter  has  been 
aervloed.  It  is  moved  to  the  VAB  and  attached  to  the  SRBAT  combination. 
Following  system  checkout  procedures,  the  NLP,  with  the  assembled 


Shuttl«  Vshlcle  on  top,  Is  moved  to  the  launeh  pad.  After  prelauneh 
servicing,  the  Shuttle  is  launched.  The  SRBs  separate  after  use  and 
are  recovered  for  refiirhishment.  The  External  Tank,  which  sta]rs  with 
the  Shuttle  until  it  has  nearly  achieved  orbit,  detaches  and  burns  up 
as  it  falls  to  Earth,  The  Orbiter  then  enters  orbit,  acconplishes  its 
mission,  and  return  to  Earth.  It  receives  post-landing  servicing  at 
the  landing  field,  and  is  then  towed  to  the  OFF  to  begin  the  process 
anew.  The  recovered  SRBs  are  washed  and  disassembled,  the  SRB  motor 
segments  are  shipped  to  Thlokol  for  recasting,  and  the  reuseable 
components  are  refurbished  at  KSC. 

The  OFT  has  two  bays,  which  permits  the  simultaneous  servicing  of 
two  Orbiters.  The  PSF  can  process  one  flight  set  of  SRBs  at  a  time, 
and  can  store  components  for  two  other  sets.  The  VAB  has  four  High 
Bays,  Two  of  these  are  eonflgvired  for  Shuttle  Vehicle  assembly,  while 
the  other  two  contain  checkout  (c/o)  and  storage  cells  for  the  External 
Tanks,  Should  it  become  necessary  to  configure  a  third  or  fourth  VAB 
High  Bay  for  shuttle  assemble,  a  separate  External  Tank  c/o  and 
storage  facility  would  have  to  be  built.  There  are  two  MLPs  configured 
for  shuttle  use,  and  a  third  is  available  for  reconfiguration.  Two 
crawlers  are  available  to  move  the  NLP/Shuttle  Vehicle  to  either  of  the 
two  launch  pads  (Ref  8).  Although  the  current  flight  manifest  will  soon 
tax  the  oapaoity  of  these  facilities,  the  funds  needed  for  facility 
expansion  axe  not  contained  in  futxire  budget  plans  (Ref  6i 16-17), 

Vandenberg  AFB 

Vandenberg  AFB  launch  processing  proceeds  along  similar  lines.  The 
Bite  has  separate  facilities  for  Orbiter,  SRB,  and  External  Tank 
processing.  However,  these  three  components  are  assembled  at  the  launch 


8 


pad.  Th«  VAFB  OFF  Is  capable  of  handling  only  one  Orblter  at  a  tine, 
and  there  is  only  one  asseably/launoh  pad  available  (Ref  21). 


SRB  and  External  Tank 

SRBs  axe  shipped  to  both  launch  sites  by  rail,  and  External  Tanks 
are  shipped  by  barge  (Ref  22t99).  The  maximum  scheduled  production  rate 
for  both  are  24  units  per  year,  and  their  production  facilities  are 
designed  for  future  expansion  to  40  units  per  year  (Refs  23 i  and  24), 
Production  greater  than  the  latter  rate  would  require  a  more  extensive 
implaeement  of  tooling  and  equipment  (Refs  10i79t  and  22t97). 

Figures  1  and  2  show  the  launch  process  flow  for  KSC  and  VAFB. 
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Ill,  Research  Desljtn 


The  primary  purpose  of  this  project,  as  stated  in  previous  chapters, 
is  to  determine  the  launch  rate  capabilities  of  the  STS  under  various 
configurations  and  to  determine  uhat  facilities  to  add  to  the  system  In 
order  to  increase  launch  rate  capabilities.  In  order  to  answer  this 
question  a  methodolgy  of  experimentation  is  required.  This  chapter 
describes  the  process  that  was  used  to  determine  the  experimental 
design  utilised  to  answer  the  question  mentioned  above. 

The  first  section  of  this  chapter  describes  the  basic  research  de¬ 
sign  oonsiderations  for  this  experiment.  This  design  includes  the 
response  variable,  the  pertinent  factors  and  their  levels  of  interest, 
and  design  factors  taken  into  account  when  designing  the  model.  The 
second  section  presents  the  Q-GERT  simulation  technique  and  a  brief 
history  of  some  of  its  facilities  that  led  us  to  choose  this  method 
for  our  analysis.  The  third  section  describes  the  structural  and 
parametric  models  developed  to  depict  the  KSG  and  VAFB  STS  turnaround 
systems.  The  final  section  describes  the  experimental  methodology 
used  to  evaluate  launch  rate  capabilities.  Also  included  is  a  descrip¬ 
tion  of  the  statistics  used  to  test  the  results. 

Research  Design  Considerations 

The  first  step  of  the  research  design  is  to  identify  the  response 
variable(s)  desired,  the  dependent  variables  (factors)  and  their  levels 
of  interest,  and  other  oonsiderations  of  interest.  One  consideration 
would  be  to  determine  the  type  of  output  needed  to  do  statistical 
testing  on  the  results.  This  section  poresents  each  of  these  criteria  as 
they  pertain  to  this  study. 
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R>apon8<  VarlAbla.  As  prsvlously  aentlonsd,  the  objective  of  this 
study  Is  to  deterslne  the  launch  rate  capabilities  of  the  system  under 
various  oonfl^niratlons.  Therefore,  the  primary  response  desired  from 
the  model  needs  to  provide  Information  that  can  be  used  to  calculate  the 
launch  rate,  Ihus,  the  model  selected  must  output  the  number  of  launches 
per  year  that  the  system  la  capable  of  producing  or  output  something  that 
can  be  converted  to  launches  per  year  (such  as  the  time  between  launches). 

yactora.  There  are  numerous  factors  which  affect  the  launch  rate 
capability  of  the  system.  There  are,  however,  a  limited  number  of 
factors  that  will  both  affect  the  launch  rate  and  be  such  that  they  are 
easily  altered  In  the  actual  system.  The  factors  that  were  selected  as 
the  portions  of  the  Sjrstem  at  KSC  to  be  varied  are  the  following i 

1.  Orblters, 

2.  Orblter  Processing  Facility  (OPF)  bays, 

3.  Crawlers, 

4.  Launch  Pads, 

5*  Mobile  Launch  Pads, 

6.  Vehicle  Assembly  Building  (VAB)  High  Bays, 

7.  Processing  and  Storate  Facility  (PSF), 

8.  Solid  Rocket  Booster  (SRB)  storage, 

9.  External  Tank  (ET)  Checkout  Cells, 

10.  BT  Storage  Cells, 

11.  BT  barges  for  shipment  to  KSC, 

12.  BT  production  rate,  and 

13.  workshlft  schedules. 

These  factors  were  chosen  both  for  their  expected  degree  of  effect  on 
the  launch  rate  of  the  system  and  for  their  ability  to  be  altered. 
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The  ground  systen  at  VAF6  is  designed  such  that  It  would  be 
difficult  to  wary  any  of  its  facilities,  "nis  system,  in  fact,  is  not 
designed  to  easily  provide  for  increased  number  of  launches.  Therefore, 
none  of  its  factors  were  varied  in  its  Q-GERT  model.  This  area  is 
further  discussed  in  upcoming  sections  of  this  chapter. 

Having  chosen  the  factors,  otir  next  concern  was  to  determine  the 
levels  that  each  of  the  factors  could  obtain.  Factors  one  through 
eleven  are  such  that  they  are  added  by  integral  amounts.  The  beginning 
levels  for  each  of  these  factors  was  determined  by  the  number  that  each 
was  expected  to  have  at  the  end  of  1966  and  are  given  in  chapter  II . 
Thereafter,  the  level  of  each  factor  was  Increased  as  required. 

Factor  twelve  was  considered  at  three  levels.  The  first  level  was  the 
current  estimated  capability  of  24  ETs  per  year,  the  second  level  was 
the  future  planned  rate  of  4o  per  year,  and  the  last  level  is  60  per 
year.  The  last  rate  is  the  rate  the  system  was  originally  designed  to 
ultimately  achieve.  Factor  thirteen  was  also  considered  at  three 
levels.  The  starting  level  was  that  which  was  used  for  the  analjrsis  in 
the  STAR  (that  is,  two  shifts  for  five  days  a  week).  The  next  level 
was  an  increase  to  three  shifts  for  five  days  a  week,  while  the  last 
level  was  set  at  three  shifts  for  seven  days  a  week  (around  the  clock 
operations) . 

Additional  Concerns.  For  thoroughness  sake,  it  would  be  best  to 

determine  the  launch  rate  under  all  of  the  various  possible  combinations 

of  the  factors  described  above.  However,  the  number  of  runs  of  the 

system  required  would  be  prohibitively  large.  For  example,  if  factors 

one  through  eleven  had  only  two  levels  then  the  number  of  runs  of  the 

system  required  to  examine  all  of  the  possible  configurations  would  be 
11  2 

18432  (2  *3  ).  Therefore,  it  was  desirable  to  reduce  the  number  of 
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oonfi^rations  to  te  examined.  For  the  majority  of  the  runs  it  was 
anticipated  that  there  would  he  a  single  limiting  factor  and  thus  it 
would  he  ineffective  to  add  to  the  other  factors.  Therefore,  in 
addition  to  the  number  of  launches  per  year,  the  model  must  output 
information  on  resource  usage  and  identify  which  components  are  delaying 
launches  and  where  the  delays  are  occurring.  This  output  would  allow 
efficient  analysis  of  the  system  and  enable  resource  addition  to  only 
those  factors  which  win  improve  the  launch  rate,  'nils  result  greatly 
reduces  the  number  of  runs  required  and  thus  saves  computer  time  and 
money. 

Finally,  the  model  must  output  information,  such  as  the  variance 
of  the  means,  to  he  used  in  the  statistical  testing  of  the  results. 

In  summary,  the  model  must  output  the  number  of  launches  per  year 
or  give  an  equivalent  output  which  can  he  used  to  calculate  that  value. 
It  must  also  allow  the  input  of  the  various  levels  of  the  factors 
mentioned,  and  it  must  output  information  on  the  usage  of  the  various 
factors.  Finally,  it  must  indicate  where  components  are  delayed,  and 
it  must  output  the  data  required  to  perform  statistical  analysis. 

simulation  Techniques 

Once  the  experimental  design  considerations  mentioned  above  were 
identified,  the  next  step  was  to  determine  which  simulation  technique 
was  best  suited  for  the  study.  This  section  describes  the  Q-GERT 
technique  selected  and  includes  a  brief  history  of  the  method.  This 
technique  was  selected  for  its  compatibility  with  the  design  criteria 
porevlously  mentioned.  A  brief  description  of  the  main  facilities  of 
Q-GBRT  that  led  to  its  selection  are  presented. 


Q"CERT  Description.  Q-GERT,  as  described  by  its  originator. 


A.  Alan  B.  Prltsksr,  is  a  "network  Modeling  vehicle  and  a  coaputer 
analysis  tool"  (Ref  7ivll).  GERT  stands  for  Graphical  Evaluation  and 
Review  Technique,  while  the  Q  Indicates  that  the  technique  allows  for 
the  Modeling  of  queues  In  a  system.  Q-GERT  was  designed  to  support 
the  systems  approach  to  problem  resolution.  Tills  approach  consists  of 
deooaposlng  the  sjrstem  Into  Its  significant  eleaents,  analyzing  and 
describing  these  elements.  Integrating  the  elenents  Into  a  network  model 
of  the  system,  and  finally  assessing  the  system  performance  through 
evaluation  of  the  model  (Ref  7ivlll).  Q-GERT  Is  therefore  a  method  of 
both  Modeling  and  analyzing  systems. 

Q-GERT  can  be  traced  back  to  PERT  (Performance  Evaluation  and 
Review  Technique)  and  It  la  In  fact  a  direct  descendant  of  that  method. 
PERT  was  developed  to  show  sequencing  of  activities  and  was  an 
aetlvlty-on-branch  representation  of  networks.  Nodes  were  then 
Introduced  to  allow  scheduling  and  decision  points  In  the  network  and 
from  this  GERT  was  developed.  GERT  went  through  various  stages. 
Including  GERTS,  GERT  II,  GERT  IIIZ,  and  others.  Eventually,  from 
these  methods  Q-GERT  was  developed.  The  brief  history  given  above  was 
gleaned  from  Prltsker's  Modeling  and  Analysis  Using  Q-CERT  Networks . 

(Ref  7t 11-26).  If  more  Information  on  the  history  of  the  development 
of  Q-GERT  Is  desired,  the  reader  Is  referred  to  the  above  book. 

Q-GERT  network  modeling  Is  based  on  an  actlvlty-on-branoh 
philosophy  (Ref  7i3).  This  philosophy  Indicates  that  transactions 
flowing  through  the  network  move  down  branches  that  represent  activities 
such  as  processing  times  and  delays.  Branches  are  separated  by  nodes 
whloh  represent  decision  points,  milestones,  or  queues.  At  the  nodes, 
decisions  are  made  on  branches  to  be  taken  (if  any).  Information  such 
as  arrival  time  and  processing  time  Is  kept,  and/or  transactions  are 
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held  aMaltlng  server  availability.  Q-GERT  alloes  both  serial  and 
parallel  processing  of  transactions. 

As  Indicated  In  this  description,  Q^ERT  has  two  basic  functions. 
Pirst,  Q-GBRT  provides  synbology  for  constructing  a  graphical  network 
model  of  a  system.  This  symbology  allows  the  user  to  communicate 
visually  their  representation  of  the  system.  The  second  function  of 
is  to  provide  a  computerised  code  to  translate  the  graphical 
model  Into  a  computer  readlble  language  so  that  analysis  can  be 
conducted.  The  methodology  also  provides  an  analysis  program  which 
utilises  the  model  code.  The  Q-CERT  Analysis  Program  is  written  in 
ANSI  Fortran  IV.  There  Is,  however,  a  separate  set  of  Q-GERT  instruc¬ 
tions  that  allows  the  user  to  easily  code  the  model  for  analysis  by  the 
analysis  program.  In  this  sense,  Q-^RT  can  be  considered  a  simulation 
language. 

Therefore,  Q-GBRT  provides  a  methodology  for  constructing  and 
analysing  simulation  models  of  network  systems. 

Q-GERT  Facilities.  This  section  describes  some  of  the  Q-GERT 
faellltles  that  led  to  Its  choice  as  the  simulation  technique  for  this 
study.  The  discussions  are  brief  and  if  further,  more  detailed  informa¬ 
tion  on  the  facilities  Is  desired  the  reader  should  refer  to  Pritsker's 
book  (Ref  7). 

First,  Q-GBRT  allows  for  both  user  directed  and  automatic  collec¬ 
tion  of  statistics.  There  are  five  types  of  statistics  that  can  be 
requested  by  the  user.  They  ere  the  tine  of  first  release  of  a  node 
(first),  the  time  of  all  releases  of  a  node  (all),  the  tine  between 
releasee  of  a  node  (between),  the  time  between  the  marking  of  a  trans- 
aotlon  and  the  release  of  a  node  (interval),  and  the  tine  that  trans- 
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actions  wait  at  a  node  for  the  arrival  of  other  transactions  needed  to 
cause  nodel  release  (delay).  For  this  study  the  statistics  of  interest 
are  the  between  and  the  Interval  statistics.  The  between  statistics  are 
used  to  determine  the  time  between  launches  (which  can  be  converted  to 
the  average  annual  launch  rate).  The  interval  statistics  are  used  to 
collect  information  on  the  average  processing  time  for  the  Orbiter  in 
the  OFF.  In  addition  to  the  user  requested  statistics,  statistics  are 
automatically  collected  and  output  for  various  types  of  nodes.  At 
queue  nodes,  statistics  on  the  average  number  in  the  queue  and  the 
average  waiting  time  in  the  queue  are  collected.  These  statistics  are 
used  to  help  determine  where  components  are  waiting  for  resources  or  for 
ether  segments  of  the  system  to  clear.  These  statistics  can  therefore 
be  used  to  help  determine  the  limiting  factor  in  the  system.  Thus  the 
statistics  facilities  provide  the  output  of  the  desired  response  variable 
and  the  information  needed  to  determine  limiting  factors. 

A  second  facility  of  Q-GERT  allows  for  the  designation  of  resources 
that  are  limited  in  number.  This  facility  is  used  for  nearly  all  of  the 
factors  of  interest,  sinoe  they  are  all  of  limited  number.  This  capa¬ 
bility  allows  for  the  delay  of  transactions  due  to  a  lack  of  available 
resources.  In  addition  statistics  are  automatically  collected  on  all 
designated  resources.  These  statistics  include  the  average  number  of 
resourse  units  utilised  and  their  availability  over  the  run  of  the 
system.  This  information  is  used  to  help  determine  limiting  factors  in 
the  system. 

next,  Q^BRT  allows  for  the  marking  of  transactions  with  attributes. 
Itwse  attributes  can  be  used  in  making  branching  decisions  at  nodes  and 
for  keeping  trsok  of  various  types  of  transactions  flowing  through  the 
system.  In  this  model,  the  attributes  are  used  to  number  Orbiters,  keep 
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track  of  tho  number  of  nlssione  that  each  Orblter  has  been  on.  Identify 
payload  types,  and  to  hold  Information  on  branches  to  be  taken.  The 
mission  number  is  used  to  determine  what  type  of  special  maintenance,  if 
any,  is  to  be  conducted  on  the  Qrbiter  in  the  0]^.  The  payload  types 
are  used  to  determine  the  type  of  activities  to  be  conducted  in  the  OIT 
and  to  determine  the  length  of  the  mission.  This  facility  allows  for 
a  consistent  sequence  of  activities  for  each  use  of  the  Orbiter, 

Without  this  facility,  probabilities  would  have  to  be  relied  on,  thus 
adding  more  uncertainty  to  the  model. 

Another  useful  facility  of  Q-GBRT  ie  ttie  availability  of  assembly 
nodes.  These  nodes  hold  transactions  in  queues  until  one  of  each  part 
of  an  assembly  is  available  and  then  oombines  the  transactions,  thus 
simulating  assembly  of  the  units.  There  are  numerous  points  in  the  STS 
system  where  this  type  of  facility  is  required.  Such  points  are  SRB  and 
ET  assembly,  and  Orblter  mating  to  an  SRB/ET  assembly.  With  the  trans* 
actions  waiting  in  queue  nodes  for  the  arrival  of  the  component  to 
which  it  will  be  assembled,  the  automatic  ooUectlon  of  statietics  will 
indicate  idilch  item  is  delaying  the  assembly.  This  information  will  help 
determine  the  limiting  factor  in  the  system. 

Q-GERT  utilises  a  next  event  time  keeping  system  rather  than  a 
fixed  interval  time  keeping  scheme .  This  is  most  appropriate  for  this 
study  sinoe  the  transactions  move  from  node  to  node  and  do  not  alter 
processing  time  once  on  a  particular  branch.  A  fixed  interval  tine 
system  is  not  required  sinoe  the  transaotion  movement  is  the  concern 
of  this  model  and  not  the  changes  of  tlw  system  over  time.  With  fixed 
interval,  an  activity  could  be  oompleted  in  the  middle  of  a  time  period, 
but  the  model  would  not  see  the  completion  until  the  end  of  the  period. 
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This  result  could  csuse  a  loss  in  timing  sceurscy  and  affect  the 
results  of  the  study.  Compensation  for  this  problem  mould  require  the 
setting  of  the  fixed  interval  at  a  value  sufficiently  small  to  reduce 
the  possible  errors.  This  action  would,  however,  greatly  Increase  the 
computer  time  required  to  run  the  system.  In  general,  the  next  event 
time  keeping  system  is  used  when  the  analyst  is  interested  In  what 
happens  to  the  individual  items  in  the  system  (Ref  25ill0),  Therefore, 
this  time  keeping  scheme  is  the  method  most  appropriate  for  this  study. 

Additionally,  Q-CERT  provides  a  variety  of  distributions  that  can 
be  utilised  in  a  model.  The  distributions  of  interest  in  this  study 
axe  the  normal,  the  uniform,  and  the  Reta-FERT.  Ttiis  facility  provided 
the  major  ability  that  was  not  available  for  use  with  the  analytical 
model,  that  is,  the  ability  to  estimate  the  variability  of  the  system. 
The  specific  ways  that  these  distributions  were  utilised  is  further 
discussed  in  the  parametric  model  descriptions. 

Finally,  Q-GERT  allows  the  user  to  add  special  user  defined  func¬ 
tions  and  subroutines  to  accomplish  tasks  not  provided  for  in  Q-GERT, 

The  two  areas  used  in  this  model  were  the  User  Funetion(UF)  and  the 
User  Input  (UI)  Subroutine.  Subroutine  UI  was  used  to  initialise  values 
that  were  required  at  the  beginning  of  each  run.  This  subroutine  is 
automatically  called  by  Q-GBRT  at  the  beginning  of  each  run  of  the 
model,  UP  is  entered  when  requested  at  a  node  or  activity  in  the  Qr 
GERT  model.  Numerous  functions  can  be  contained  in  UP,  The  specific 
function  to  be  entered  is  determined  by  the  value  of  the  argument 
given  hy  the  user.  Some  of  the  specific  uses  of  UP  in  this  study 
were  to  set  the  initial  number  of  missions  for  each  Orbiter,  to  deter¬ 
mine  the  type  of  payload,  to  determine  when  to  send  BTs  and  Orbiters 
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to  VAFB,  and  to  delay  other  VAB  activities  when  SRB  stacking  was 
oocuzt3i«  In  the  VAB.  In  addition  to  these  facilities,  Q-GERT  has 
aany  Intrinsic  functions  and  subroutines  that  can  be  used  In  the  user 
designed  functions  and  subroutines.  The  availability  of  these  Items 
allows  the  user  to  reduce  the  alae  of  user  designed  programs,  thus 
simplifying  the  programmet's  Job. 

Therefore,  primarily  for  the  reasons  listed  above,  the  Q-GERT 
simulation  technique  was  selected  as  the  technique  to  use  In  this 
study. 

Structural  and  Parametric  Models 

The  next  step  In  the  research  design  process  was  to  design  the 
simulation  models.  This  section  describes  the  structural  and  parametric 
models  utllleed  for  analysis. 

Prior  to  the  description  of  the  models,  an  explanation  of  the  rea¬ 
son  for  the  two  models,  one  for  KSC  and  one  for  VAFB,  Is  given.  The 
primary  reason  for  separating  the  two  Into  different  models  is  the 
difference  In  the  design  of  the  two  ground  systems.  The  allowable 
launch  aslmuths  out  of  VAFB  are  only  good  for  high  Inclination  polar 
type  orbits.  Since  only  a  limited  number  of  payloads  will  require  this 
orbit,  VAFB  was  designed  to  handle  only  a  few  launohes  per  year.  The 
VAFB  ground  system  was  not  designed  to  allow  for  Inoreases  In  capacity 
and  is  basically  fixed  In  Its  launch  capabilities.  Becauise  the  Shuttle 
Is  assembled  on  the  pad  at  VAFB,  the  only  way  to  Increase  VAFB  launch 
rates  Is  to  decrease  the  activity  times  or  duplicate  most  of  the 
facilities.  Therefore,  the  launch  rate  at  VAFB  was  considered  to  be 
constant.  VAFB  was  modeled  to  determine  this  launch  rate  and  to 
deiermlne  the  prooesslng  times  for  an  Orblter  at  VAFB.  This  Informa- 
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tlon  was  than  used  In  the  K5C  model. to  model  the  draw  off  of  resources 
for  VAFB  operations.  In  summary,  this  study  does  not  look  at  Increasing 
the  STS  launch  rate  at  VAFB,  since  Increasing  it  beyond  current  capa¬ 
bilities  would  require  the  obvious  duplication  of  most  of  its  facili¬ 
ties. 

VATB  Structural  Model.  The  assumptions  made  in  this  model  are  the 
same  as  those  listed  in  the  VAFB  Shuttle  Turnaround  Analysis  Report 
(VSTAR  05) .ground  rules  (Ref  21i62-64).  Chief  among  these  assumptions 
is  that  ETs  and  SRBs  are  available  when  required  and  that  there  is  a 
single  Orblter  dedicated  for  VAFB  use.  In  addition,  this  study  assumes 
that  there  is  a  single  bazge  dedicated  to  ship  BTs  from  the  Mlchoud 
production  plant  to  VAFB,  and  that  this  barge  can  carry  four  ETs  per 
trip.  Q-GBRT  graphical  and  computerized  representations  of  this  model 
can  be  found  in  Appendix  B.  The  node  numbers  and  activity  numbers 
referenced  in  this  description  are  from  that  graphical  model.  The 
model  was  developed  using  the  information  contained  in  VSTAR  05. 

The  supply  of  ETs  required  for  the  complete  run  of  the  model  are 
generated  (node  51  and  activity  1)  and  'Uien  they  wait  at  the  Mlchoud 
facility  (node  1)  for  the  barge  to  become  available.  When  the  barge 
becomes  available,  four  ETs  are  shipped  to  VAFB  (activity  5)  where  they 
wait  for  checkout  and  storage  (node  5).  When  a  transport  (one  available) 
and  ET  storage  (four  available)  become  free,  an  BT  la  offloaded  (activity 
6),  transported  to  the  ET  checkout  facility  (activity  7)  and  inspected 
(activity  8).  The  ET  then  waits  for  the  checkout  cell  (node  13)  and  the 
tranaport  la  returned  to  the  bazge  (activity  lO).  If  there  is  one  or 
three  ETs  remslnlng  to  be  unloaded,  then  another  ET  is  unloaded  (activi¬ 
ty  20)  and  moved  as  above.  If  there  are  two  ETs  still  on  the  bazge,  the 
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BT  transportation  kits  from  the  first  t«o  ETs  are  loaded  onto  the  barge 
(activity  19)  before  the  next  ET  is  unloaded.  If  no  ETs  remain  to  be 
unloaded,  the  last  two  ET  transportation  kits  axe  loaded  onto  the  barge 
(activity  15)  and  the  barge  is  returned  to  Hichoud  (activity  16),  When 
the  barge  reaches  Michoud  (node  22),  four  sore  ETs  are  loaded  and  the 
process  is  repeated. 

When  the  ET  checkout  cell  is  free  (one  available),  the  BT  is 
checked  out  (activities  11,  12,  and  13).  After  that,  the  ET  is  returned 
to  storage  where  it  waits  to  be  used  (node  28).  The  FT  checkout  cell  is 
then  prepared  for  the  next  ET  (activity  22),  after  which  it  is  made 
available  for  use  (node  26). 

The  Orbiter  la  generated  (node  53)  and  waits  (node  31)  for  the 
Orbiter  Maintenance  and  Checkout  Paelllty  (OMCP)  to  become  available. 
When  this  facility  is  free. (one  available),  the  Orbiter  is  moved  into  it 
and  prepared  for  launch  (activity  27).  After  that,  the  Orbiter  waits  in 
the  ONOT  (node  3^)  until  it  is  needed  at  the  pad  for  mating  with  the 
SRB^T  assembly. 

When  a  SRB/ET  assembly  becomes  available,  the  Orbiter  is  moved  to 
the  pad  and  OMCP  is  freed  (node  37).  The  Orbiter  is  mated  (activity 
29)  and  than  pad  operations  are  conducted  (activity  32).  Upon  eomple> 
tion  of  the  pad  operations,  the  Shuttle  Vehicle  is  launched  (node  4o) 
and  the  time  between  launches  is  retained. 

The  Orbiter  conducts  its  mission  (activity  33) t  after  which  it 
lands  at  TAPS.  If  the  landing  strip  is  in  use,  the  landii«  is 
dela]red  (node  42  and  activity  34).  When  the  landing  strip  is  free, 
the  Orbiter  lands  and  post  landing  operations  are  performed  (activity 
35) •  The  Orbiter  is  then  moved  to  the  saflng  and  deservice  facility 
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(node  29)  where  It  Is  eafed  (activity  25).  The  Orblter  Is  then  towed 
to  the  OMCP  (activity  26)  where  It  waits  (node  31)  for  the  OMCF  to 
beooae  available. 

After  launch,  the  launch  pad  Is  refurbished  and  prepared  for  the 
next  SRB  stack  (activities  36  and  37).  The  SRBs  are  then  stacked  and 
verified  (activity  39),  after  which  the  assembly  waits  for  an  ET  (node 
45),  When  an  ET  la  available,  the  ET  Is  moved  to  the  pad  and  the  ET 
storage  cell  Is  freed  (node  48).  The  ET  is  mated  to  the  SRBs  (activity 
43)  and  the  assembly  then  waits  for  an  Orblter  (node  50). 

VATB  Parametric  Model.  The  parametric  model  used  for  the  VAPB  sys¬ 
tem  was  determined  from  the  data  contained  In  VSTAR  05  (Ref  22).  This 
report  provides  both  allotted  and  assessed  times  for  the  various  activi¬ 
ties,  The  activities  given  In  VSTAR  05  Are  presented  In  terms  of  the 
work  hours  required  to  complete  the  various  tasks.  The  ground  rules 
for  the  assessment  of  the  turnaromd  Is  baaed  on  two  work  shifts 
operating  for  five  days  per  week.  Since  the  desired  output  of  the  model 
Is  a  measure  of  yearly  launch  rate  and  the  output  of  the  structural  model 
la  given  in  time  between  launches,  the  activity  times  need  to  be  con¬ 
verted  to  a  form  which  can  be  used  to  produce  the  desired  results.  The 
yearly  launch  rate  can  be  determined  by  dividing  the  number  of  days  In 
a  year  by  the  average  time  between  launches  (in  days).  It  was  there¬ 
fore  desirable  to  convert  the  work  hours  to  days.  Working  two  shifts 
for  five  days  per  week  equates  to  80  hours  per  week  or  11.428  hours 
per  day.  Dividing  the  work  hours  by  this  figure  gives  the  number  of 
11.428  hour  days  required  to  complete  the  task.  For  example,  if  a  task 
requires  20  work  hours  to  oomplete.  It  takes  20  hoars/11.428  hours  per 
day  ,  or  1.75  days  to  complete. 

The  next  requirement  was  to  determine  the  dlstrlbutlon(B)  to  use 
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in  th*  Mdel.  For  •o*t  of  the  aetivltlee  there  was  very  little  differ¬ 
ence  between  the  allotted  and  the  assessed  tlaes  given  In  the  VSTAR  05. 
Due  to  this  fact,  and  the  fact  that  the  tlaes  are  a  compilation  of  many 
individual  sub-tasks,  it  was  decided  that  a  normal  distribution  should 
be  used  for  most  of  the  activities.  The  average  of  the  allotted  and 
the  aseeesed  time  was  used  as  the  mean  of  the  distribution,  and  one 
half  of  the  difference  between  then  was  used  as  the  standard  deviation 
of  the  distribution.  Had  the  nodel  been  based  on  the  many  individual 
sui^tasks,  the  overall  distribution  which  would  result  would  tend  to 
look  like  a  normal  distribution  as  indicated  by  the  Central  Limit 
Theorem  (Ref  3O1I6I-I65).  This  selection  of  distributions  was  tested 
against  other  possible  distributions  to  determine  how  this  selection 
affeets  the  results  of  the  model.  The  results  of  this  analysis  are 
reported  in  Chapter  VI. 

There  were  some  parameters  that  were  not  listed  in  VSTAR  05.  One 
of  these  parameters  was  the  mission  tine.  The  distribution  used  was 
the  same  as  the  nominal  mission  that  is  presented  in  the  KSC  parame¬ 
tric  model  and  therefore  discussion  is  deferred  on  it  until  then. 
Another  parameter  not  in  VSTAR  05  the  shipping  time  for  the  ETs  from 
Michoud  to  VAFB.  Conversation  with  Fiehoud  ET  personnel  indicated  that 
the  shipping  time  would  be  between  25  and  30  dmjra  one  way.  (Ref  23). 
Lacking  further  information,  a  uniform  distribution  was  used  with  the 
minimum  and  maximum  times  set  equal  to  the  figures  given  above. 

Finally,  there  were  some  activities  which  had  assessed  times  equal  to 
their  allotted  times.  BT  transport  time  to  the  pad  is  one  such  tine. 
These  activities  were  given  constant  distributions. 
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KSC  Struetuiml  Model.  ItiiB  section  deBoritee  the  nodel  used  to 
slaiul&te  the  KSC  STS  fscllltles.  The  fsollltles  included  in  this 
description  are  those  that  axe  used  as  the  starting  points  of  the 
study.  The  node  and  activity  numhers  referenced  in  this  section  are 
those  listed  in  the  Q-GERT  network  for  KSC.  This  network  and  its 
conputerised  representations  are  found  in  Appendix  A. 

Rrior  to  describing  the  model,  one  of  the  important  assumptions 
should  be  discussed.  The  assiimption  that  SR?  production  and  refurbish¬ 
ment  facilities  can  supply  the  number  of  SRBs  required  for  the  various 
launch  rates  is  made  for  two  reasons.  First,  the  modeling  of  the  SR? 
retrieval  and  production  system  would  add  great  complexity  to  the 
model,  but  would  not  provide  much  more  Insight  into  the  system.  The 
reasons  for  this  result  are  that  the  model  would  have  to  make  many 
assumptions  on  component  lifetimes,  probabilities  of  loss,  and 
distributions  of  lifetimes.  These  factors  would  have  to  be  estimated 
with  little  or  no  data  available  to  use  in  doing  so.  Secondly,  it  was 
found  during  literature  searches  that  detailed  studies  have  already 
been  done  on  this  subject  (Refs  26{  and  27),  That  research  produced 
a  model  of  the  SRB  system,  BOSIM  (Ref  26).  This  model  has  been  used  to 
determine  the  number  of  SRB  components  needed  to  reach  various  launch 
rates.  Results  from  this  model  for  a  445  launch  traffic  schedule  can 
be  found  in  James  V,  Butler's  SRB  Subsystem  Quantities  for  1979-1991 
Shuttle  Operations  (Ref  2?) .  Our  study  of  KSC  operations  could  not 
provide  further  insight  into  the  SRB  area,  and,  in  fact,  the  modeling 
of  the  SRB  retrieval  and  production  system  could  decrease  the  :  ^ labil¬ 
ity  of  the  model.  Therefore,  the  assumption  was  made  that  SRB  produc¬ 
tion  is  sufficient  to  provide  SRBs  to  KSC  when  required. 
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At  th«  beginning  of  the  etruetural  model,  the  Initial  Orbltere 
(three  at  KSC)  are  generated  (node  1),  and  an  additional  one  is 
generated  at  VAPB  (node  3t)<  At  these  points,  the  arbiters  are  numbered 
(attribute  2),  the  number  of  missions  each  win  have  by  the  start  of 
fiscal  year  1988  is  determined  (using  UF  1)  and  stored  In  attribute  1, 
and  the  Initial  down  payload  Is  set  (attribute  3).  tiF  1  contains  the 
number  of  flights  each  Orblter  will  have  by  fiscal  1966  and  is  based  on 
the  current  flight  manifest  (Ref  9).  “fte  Orblters  then  wait  (node  2) 
for  an  OFF  bay  to  become  available  (node  3). 

When  an  OFf*  bay  Is  freed  (two  available),  the  Orblter  moves  Into 
It  and  required  Orblter  servicing  begins  (nodes  4  through  27).  First 
the  up  payload  Is  selected  (UF  4).  The  payload  Is  selected  using 
cumulative  probabilities  calculated  using  the  shuttle  manifest  and  a 
ftonto<<:arlo  sampling  technique . (Ref  9).  The  payload  types  considered 
are  the  following! 

1.  Spacelab, 

2.  Horlsontally  Installed  (non-Spacelab) ,  and 

3.  Vertically  Installed  (payload  Inserted  at  the  launch  pad), 
once  the  payload  selection  Is  made,  the  Orblter  Is  safed  and  deservlced 
from  Its  porevlous  flight  (activity  4), 

From  this  point  four  parallel  Orblter  activities  take  place  In  the 
OFF.  The  first  set  of  activities  (nodes  6  through  11)  is  payload 
related.  First  the  down  payload  Is  removed  (activity  5  or  6)  and  then 
the  up  payload  Is  loaded  and  serviced  (activities  7,  8,  9,  or  10).  The 
partleular  activities  that  are  conducted  depend  on  the  payload  type. 
Finally,  the  final  system  verlfloatlon  le  oonducted  (activity  11)  and 
then  the  Orblter  waits  for  the  maintenance  activities  to  be  completed 


(nod«  11),  The  second  path  In  the  OPF  Is  concerned  with  Space  Shuttle 
Main  Engine  (SSME)  maintenance.  The  routine  SSffi)  maintenance  Is 
conducted  (activity  12),  and  the  Orblter  then  waits  for  the  completion 
of  any  Periodic  Significant  Scheduled  Tasks  (PSSTs)  (node  12),  The 
SSMB  PSSTs  are  accomplished  at  various  flight  Intervals  and  are  conducted 
In  parallel  with  the  routine  SSME  maintenance.  The  type  of  PSST  to  be 
completed  is  determined  by  the  mission  number  for  the  Orblter  (using 
UF  5)t  and  Is  then  performed  (activity  14,  15,  16,  or  17).  When  the 
PSSTs  are  completed,  the  Orblter  waits  for  the  routine  maintenance  to 
be  completed  (node  14).  When  all  of  the  SSME  manltenance  is  completed, 
the  two  transactions  are  combined  and  the  new  transaction  waits  (node 
17)  for  the  other  OPP  activities  to  be  completed.  third  parallel 

path  le  the  Orblter  scheduled  maintenance.  The  routine  maintenance 
(activity  15)  is  conducted  In  parallel  with  Orblter  PSST  maintenance 
(activity  21,  22,  23,  24,  or  25).  Which  type  of  Orblter  PSST  (If  any) 
is  conducted  depends,  like  the  SSME  PSST,  on  the  number  of  missions  that 
Orblter  has  completed  (using  UF  6),  When  both  the  routine  and  PSST 
Orblter  maintenance  Is  completed,  the  Orblter  waits  (node  23)  for  the 
other  OPF  activities  to  be  completed.  The  final  parallel  activity  Is 
the  Thermal  Protection  System  (TPS)  maintenance  (activity  27).  When 
this  activity  le  completed,  the  Orblter  waits  (node  24)  for  the  other 
OPF  activities  to  be  completed.  When  all  four  of  the  types  of 
Orblter  maintenance  are  completed,  the  time  the  Orblter  was  In  the 
OPF  Is  recorded  (node  26)  and  the  Orblter  waits  In  the  OPF  (node  27) 
for  an  SRB/BT  assembly  to  become  available  In  the  VAP. 

The  next  portions  of  this  section  win  describe  the  SRP,  ET,  and 
VAB  portions  of  the  model. 
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Ttie  inltl&l  aft  skirts  for  tbs  SRBs  are  gsnerated  (nods  51)  and  wait 
(nods  52)  for  ths  PST  (ons  availabls)  to  bseoas  availabls  (nods  53). 

Vhsn  ths  PSF  is  frss,  ths  aft  skirts  (ons  pair  at  a  tins)  ars  nountsd 
on  ths  stands  (activity  53)  vid  wait  (nods  55)  for  ths  SRM  eanistsrs 
to  arrlvs  (SRN  canisters  wait  at  nods  5^).  Whsn  both  ars  availabls, 
ths  aft  skirt  and  ths  aft  SRB  ssgnent  ars  matsd  (activity  55).  This 
asssnbly  than  waits  for  storags  to  bseons  available  (node  58),  When 
storage  is  free  (two  bays  available),  ths  assembly  is  moved  into  it 
(nods  63)  and  ths  PSP  is  freed  (node  61)  for  ths  next  SRP  set. 

Three  MLPs  are  generated  (node  64)  and  wait  for  a  VAP  High  Pay 
(nods  65),  When  a  High  Bay  la  free  (two  available),  the  MLP  is  moved 
into  it  and  prepared  for  SRB  stacking  (activity  62),  If  SRP  stacking 
is  taking  place  elsewhere  in  the  VAB,  the  MLP  activity  Is  delayed 
(using  UP  11)  until  the  stacking  is  complete.  When  the  MLP  preparation 
is  complete,  the  MLP/VAP  set  waits  (node  68)  for  a  SRB  pair  to  become 
available  for  stacking. 

When  both  a  SRB  pair  and  a  KLP/VKB  set  become  available,  the  SRP 
pair  is  moved  into  the  VAP  and  the  SRB  storage  bay  is  released  (node 
96).  SRB  stacking  then  begins  (activity  64).  Since  SRB  stacking  is 
a  hasardous  operation,  all  other  VAB  activities  (activities  32,  62,  65, 
69,  70,  and  77)  are  delayed  until  the  stacking  is  complete  (using  UP  9). 
After  stacking  is  complete,  SRB  verification  is  conducted  (activity  65), 
after  which  the  assembly  waits  (node  72)  for  an  ET  to  become  available 
for  mating. 

The  BTs  are  produced  at  a  rate  of  24  per  year  (node  79  end 
activity  71).  PTs  are  then  selected  to  be  sent  to  either  KSC  or  VAPB 
(node  80).  This  decision  is  made  (using  UP  8)  on  the  basis  of  sending 


ten  ETs  per  year  to  VAFB  (ten  le  the  figure  obt&lned  from  the  analysis 
of  the  VAFB  aodel  and  projected  flight  schedules).  11)0  BTs  to  be  sent 
to  KSC  wait  (node  81)  for  a  barge  (four  available).  It  Is  assumed 
that  there  Is  a  separate  barge  available  to  send  BTs  to  VAFP.  When  a 
barge  becomes  available,  the  RT  is  shipped  to  KSC  (activity  74).  When 
the  ET  arrives  at  KSC,  it  waits  (node  84)  on  the  barge  for  an  ST  check¬ 
out  cell  to  become  evaUablo  (two  exist).  When  the  checkout  cell  becomes 
available,  the  ET  Is  offloaded  <uid  the  barge  Is  sent  back  to  the  Flchoud 
facility  (activity  75)  for  further  use  (node  87).  The  ET  Is  then 
prooessed  through  the  checkout  cell  (activity  77).  This  activity  Is 
delayed  when  SRB  stacking  operations  take  place  (using  UP  15).  When  the 
ET  processing  is  complete,  the  ET  waits  (node  89)  In  the  checkout  cell 
for  a  storage  cell  to  become  available  (two  exist).  When  a  storage  cell 
is  freed,  the  ET  is  moved  to  it  and  the  checkout  cell  Is  freed  (node  92). 

When  an  ET  and  a  SRB  assembly  axe  both  available,  the  FT  is  moved 
to  the  MLP/SRB  assembly  and  the  storage  cell  is  freed  (node  75).  The 
ET  is  then  mated  to  the  SRB  assembly  (activity  69).  This  activity  Is 
deli^red  (using  UF  14)  during  SRB  stacking  operations  (In  the  other  High 
Bay).  After  mating,  the  SRB/eT  assembly  is  checked  out  and  verified 
(activity  70).  Again,  this  activity  can  be  delayed  by  SRB  stacking 
operations  (using  UF  14),  When  verification  is  complete,  the  SRB/^ 
assembly  waits  (node  78)  for  a  serviced  Orbiter  to  become  available. 

When  both  an  Orbiter  (waiting  In  the  OFF,  node  27)  and  a  SRB/BT 
assembly  are  available,  the  Orbiter  is  moved  to  the  VAB  (activity  30) 
and  the  OTF  bay  is  freed  (node  29).  The  (brblter  is  then  mated  to  the 
SRB/IST  assembly  (activity  32).  This  activity  is  delayed  (using  UF  10) 
when  SRB  stacking  operations  taks  place  in  one  of  the  other  High  Bays. 
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When  the  netlng  Is  conplete,  the  Shuttle  Vehicle  waits  (node  J2)  for  a 
crawler  (one  available)  and  then  waits  (node  3^)  for  a  launch  pad  (two 
available).  When  both  are  available,  the  shuttle  is  moved  to  the  pad 
(activity  33)  wd  the  VAB  High  Bay  la  freed  (node  96).  After  arrival  at 
the  pad,  the  crawler  is  returned  (activity  3^)  and  freed  for  further  use 
(node  38).  Pad  operations  are  then  conducted  (activity  36),  after  which 
the  shuttle  is  launched  (node  4o).  Itie  mission  number  is  incremented 
and  the  time  between  successive  launches  is  retained. 

After  the  launch,  the  pad  is  refurbished  (activity  37),  and  then 
freed  for  further  use  (node  41).  The  MLP  is  washed  down  on  the  pad 
(activity  61),  after  which  it  is  moved  to  the  VAB  where  it  waits 
(node  65)  for  its  next  use.  As  mentioned  in  the  SRB  assumptions,  the 
SRB  components  are  immediately  returned  (activities  53  and  54)  for 
further  use. 

The  Orbiter  conducts  its  mission  (activity  4o  or  42,  depending  on 
the  payload  type)  and  then  prepares  to  land.  This  model  assumes  that 
the  Orbiter  lands  at  the  site  from  whloh  it  will  next  be  launched.  The 
landing  site  is  determined  (using  UP  7)  such  that  ten  Orblters  per  year 
go  to  VAFB.  If  the  Orbiter  is  to  land  at  KSC  (activity  42),  the  landing 
strip  is  checked  to  see  if  it  is  free  (node  45).  If  the  strip  is  in 
use,  the  Orbitor  landing  is  delayed  (node  46  and  activity  43).  If  the 
strip  is  free,  the  Orbiter  lands  and  the  post  landing  activities  are 
aeoompllshed  (activity  44),  after  which  the  Orbiter  is  moved  to  the  OPP 
for  servicing  (node  2). 

If  the  orbiter  is  to  land  at  VAFB  (activity  45) ,  the  VAFP  landing 
strip  is  chsoked  (node  47)  to  see  if  it  is  free. .  If  not,  the  landing  is 
delayed  (node  48  and  activity  46).  If  the  strip  is  free,  the  landing 
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And  post  landing  operations  axe  conducted  (activity  47),  after  which 
the  Orbiter  waits  to  be  used  (node  49),  Ihe  Orbiter  is  then  processed 
for  launch  (activity  48),  and  finally  launched  (node  50).  The  number 
of  Orbiter  missions  is  updated  and  the  tine  between  missions  is  retained. 
The  Orbiter  then  conducts  its  mission  (activity  49),  and  when  it  is 
finished,  the  landing  site  decision  (node  44)  is  made  as  before.  At 
the  start  of  the  run  a  single  Orbiter  is  generated  at  VAFT  (node  31), 

KSC  Parametric  Model ,  This  section  describes  the  activity  para¬ 
meters  used  in  the  KSC  model.  The  majority  of  the  parameter  data  was 
obtained  from  the  KSC  Shuttle  Turnaround  Analysis  Report ,  STAR  23 
(Ref  12).  This  data,  like  the  VSTAR  data,  is  given  in  terms  of  allotted 
and  assessed  times. 

As  in  the  VAFR  parametric  model,  the  data  is  given  in  work  hours 
and  needs  to  be  converted  to  days.  This  was  aeoompllshed  in  the  same 
manner  as  was  the  VAFB  data.  Additionally,  the  KSC  model  allows  for 
increased  number  of  shifts  above  the  nominal  two  shift,  five  day  per 
week  schedule.  The  additional  levels  considered  are  three  shifts  for 
five  days  per  week,  and  three  shifts  for  seven  days  per  week.  These 
convert  to  17«143  and  24  hours  per  day,  respectively.  These  values 
axe  used  to  convert  the  given  work  hours  to  days. 

Unlike  the  VSTAR  05  data,  the  STAR  23  data  shows  wide  differences 
between  the  allotted  and  the  assessed  times.  In  fact,  the  estimated 
overall  turnaround  time  has  an  assessed  value  of  888  hours  (77.7  days) 
compared  to  the  design,  or  allotted,  value  of  l6o  hours  (14  days) 
based  on  two  shifts  for  five  days  per  week. 

Due  to  the  lack  of  actual  data  to  statistloally  fit  known 
distributions  against,  it  was  decided  to  use  the  beta-PERT  distri¬ 
bution  provided  by  the  Q-GERT  Analjrsis  Program  for  the  majority  of  the 


activities.  This  distrlhutlon  was  chosen  heeause  It  does  not  require 
A  oalculatlon  of  the  mean  or  standard  deviation  of  the  distribution. 
Instead,  the  beta-PICRT  uses  estimates  for  the  most  likely  (m), 
optimistic  (a),  and  pesslmlstlo  (b)  times  to  calculate  the  mean 
(a  <f  iHR  b)/6  and  the  variance  (b  -  a)  /36  used  in  conjunction 
with  the  beta-PBRT  distribution  (Ref  7i204-208). 

It  was  assumed  that  the  assessed  times  given  in  the  STAR  were  the 
most  likely  values  for  the  activity  tines.  Tbe  allotted  tines  in  the 
STAR  are  based  on  the  design  turnaround  time  of  l6o  hours  and  these 
were  therefore  taken  to  be  the  optlmlstio  times.  There  was  no  data  in 
the  STAR  on  which  to  base  the  pessimistic  tines.  Therefore,  it  was 
decided  to  make  them  symmetric  with  the  optimistic  times  around  the 
most  likely  times.  Personnel  responsible  for  preparing  the  STAR  were 
contacted  and  their  opinions  solicited.  Such  conversation  indicated 
that  the  above  choices  for  most  likely,  optimistic,  and  pessimistic 
tines  were  as  good  a  guess  as  any  (Ref  28). 

It  was  recognised  that  the  selection  of  the  optimistic  and 
pesslmlstlo  tines  could  affect  the  outcome  of  the  model.  Therefore, 
sensitivity  analysis  was  performed  on  them  and  the  results  of  that 
analysis  are  presented  In  Chapter  VI. 

Although  the  majority  of  the  parameters  In  the  STAR  were  modeled 
using  the  beta-IVRT  distribution,  there  were  some  parameters  which 
had  allotted  and  assessed  times  which  were  nearly  equal.  Some  of 
these  were  MIP  and  pad  refurbishment  times,  and  transportation 
tines  for  moving  shuttle  components  between  the  various  facilities. 
Por  these  activities,  the  tines  were  taken  as  constant  and  equal  to 
the  minimum  of  their  allotted  or  assessed  times. 
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As  with  the  VAFB  nodel,  there  were  some  psraoeters  that  were  not 
prsasntad  In  the  STAR.  Specifically,  'UMse  were  the  ET  shipping  times, 
the  Orblter  mission  times,  and  the  Orblter  use  time  at  VAFB.  For  the 
ET  shipping  time,  the  personnel  responsible  for  the  ET  were  contacted 
and  they  Indicated  that  this  actlwity  would  take  seven  days  (Ref  23). 
This  was  used  as  a  constant  time  in  the  model.  For  the  mission  times, 
it  was  determined  that  there  are  two  basic  sets  of  mission  times.  One 
time  would  be  for  Space lab  missions.  Power  extension  packages  are 
planned  for  development  and  use.  These  packages  can  extend  the 
maximum  shuttle  endurance  time  from  14  days  to  30  (Ref  29t20).  The 
primary  use  of  these  packages  would  be  to  extend  Spacelab  mission 
time.  Based  on  this  information  and  our  recollections  of  projected 
Spacelab  mission  times,  it  was  decided  to  use  a  normal  distribution 
with  a  mean  of  12  days  to  model  these  mission  times.  The  standard 
deviation  was  chosen  to  be  3  days,  and  the  minimum  was  set  at  7  days 
and  the  maximum  at  30  days.  Literature  dealing  with  the  other  types 
of  missions  Indicated  that  an  average  mission  time  of  4  to  5  days 
was  expected  (Ref  5i22|  and  12i7-l6).  Therefore,  the  mission  times 
for  all  non>Spacelab  missions  were  selected  using  a  normal  distribu¬ 
tion  with  a  mean  of  4  days,  a  standard  deviation  of  1  day,  a  minimum 
of  2  days,  and  a  maximum  of  7  days.  The  expected  value  of  the  Orblter 
mission  time,  found  by  multiplying  the  means  of  12  days  and  4  days 
times  thalr  respective  ratios  of  ocouzxenoe.  Is  equal  to  5.376  days. 
Finally,  the  time  an  Orblter  spends  at  VAFB  was  obtained  from  runs  of 
the  VAFB  model.  This  time  was  also  found  to  be  normally  distributed. 

A  table  which  contains  all  of  the  activities  and  their  parameters 
oan  be  found  In  Appendix  A.  This  table  gives  the  data  Ih  work  hours 
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Md  In  days  for  each  of  the  work  shift  levels  dlscnissed. 

Experimental  Design 

Once  the  research  considerations  and  the  models  were  developed,  the 
next  step  In  the  research  design  process  was  to  determine  the  actual 
experimental  design  to  use  to  obtain  the  desired  output  and  to  analyse 
the  results.  Ibis  section  describes  the  methodology  used,  and  includes 
the  statistical  testing  techniques  used  on  the  results. 

The  first  consideration  was  to  determine  the  starting  conditions 
of  the  model  and  how  to  account  for  the  possible  effects  of  these 
starting  conditions.  The  starting  conditions  selected  Include  those 
facilities  and  hardware  that  are  scheduled  to  be  available  by  fiscal 
year  1968,  Startup  conditions  were  expected  to  have  some  affect  on  the 
outcome  of  the  model  and  therefore  It  was  decided  to  ignore  the  first 
year  (365  days)  of  operations  for  statistical  collection  purposes. 

Since  the  expected  turnarotind  time  Is  about  80  days  (based  on  STAR  23 
data),  the  system  should  go  through  at  least  four  complete  cycles,  and 
any  affect  the  startup  conditions  have  on  the  overall  statistics  should 
be  minimised.  It  was  found  that  the  elimination  of  greater  amounts  of 
the  startup  data  from  statistical  collections  did  not  decrease  the 
varlanoe  of  the  output.  Therefore,  the  model  was  well  Into  steady 
state  operation  after  the  first  year  of  each  run. 

The  next  questions  that  were  addressed  were  the  length  of  each 
run  and  the  number  of  runs  to  choose  In  order  to  accurately  character¬ 
ise  the  mean  of  the  time  between  launches.  Since  the  expected  life  of 
the  system  was  originally  anticipated  to  be  about  ten  years,  this  value 
was  used  for  the  length  of  each  run.  In  addition,  It  was  felt  that  ten 
runs  of  the  system  were  adequate  to  accurately  characterise  the  mean. 
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Both  of  these  values  were  somewhat  arbitrary,  iherefore,  sensitivity 
analysis  was  eonduoted  on  them  to  detemlne  If  longer  or  more  runs 
would  pirovlde  slgnlfloantly  better  results.  Inoreaslng  either  number 
would,  of  course,  increase  computer  run  time  and  cost.  The  results  of 
this  analysis  is  presented  in  Chapter  VI. 

Prior  to  describing  the  methodology  used  in  this  study,  an 
assumption  made  for  this  analjrsis  should  be  discussed.  This  assumption 
is  that  it  is  better,  that  is  more  cost  effective,  to  add  work  shifts 
to  a  facility  than  it  is  to  add  a  whole  new  facility.  The  reasoning 
behind  this  assumption  is  simple.  Botti  of  these  options  require  the 
hirljng  (and  paying)  of  additional  work  crews.  Although  the  addition 
of  a  new  facility  may  require  the  hiring  of  fewer  workers,  the  costs 
of  oonatruotion  and  maintenanoe  would  probably  drive  total  life  cycle 
oosts  above  those  of  the  option  of  more  fully  utilising  the  existing 
facility.  This  i^iloeophy  was  found  to  be  compatible  with  NASA 
philosophy  in  telei^one  conservation  with  NASA  personnel  (vef  28). 
Iherefore,  although  both  options  can  increase  the  launch  rate,  this 
study  accepts  the  philosophy  of  increasing  the  number  of  work  shifts 
in  a  facility  before  adding  a  new  one. 

Due  to  the  way  that  the  structiiral  model  was  oonstructed  and  the 
type  of  output  generated,  the  actual  methodology  used  to  analyse  the 
results  was  relatively  simple.  The  next  few  paragraphs  give  a  descrip¬ 
tion  of  the  basic  methodology  used  on  the  results. 

Once  the  starting  model  was  run  on  the  computer  and  the  output 
obtained,  the  first  task  was  to  determine  the  launoh  rate  that  the 
system  was  oapable  of  under  the  starting  conditions.  This  determination 
was  aoeomplished  by  dividing  365  days  by  the  mean  time  between  launches 
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(the  value  under  the  output  average  colunn  for  node  4o).  1)118 

calculation  yields  the  average  launch  rate  in  launohes  per  year. 

Next,  using  the  queue  node  and  resource  statistical  portions  of 
the  output,  the  results  were  analysed  to  determine  which  factor(8) 
waa/were  limiting  the  launch  rate.  The  resource  utilisation  statistics 
give  the  average  number  of  each  of  the  resources  that  are  In  use  during 
the  runs.  When  this  value  approaches  the  maximum  number  available, 
that  resource  may  be  a  limiting  factor.  The  queue  node  statistics  give 
the  average  number  of  transactions  In  the  queue  and  the  average  number 
of  days  that  the  transactions  wait  In  the  queue.  This  data  Is  used  to 
determine  where  transactions  are  waiting  for  resources  or  for  other 
components  for  assembly.  When  two  components  are  to  be  mated,  the 
amount  of  time  that  each  component  waits  In  the  queue  before  being 
assembled  Indicates  whloh  component  Is  waiting  for  the  other.  The 
component  that  waits  the  shortest  amount  of  time  on  the  average  Is  the 
component  which  Is  limiting  that  portion  of  the  system.  If  transactions 
build  up  In  queue  nodes  waiting  for  resources,  the  following  resource 
may  be  limiting  the  launch  rate.  Once  the  limiting  factor (s)  has/have 
been  Identified,  this  factor  is  Increased  (first  by  adding  shifts,  If 
applicable)  and  the  model  Is  run  again.  If  there  are  two  or  more 
factors  that  appear  to  limit  the  launch  rate,  each  of  the  factors  Is 
Increased  on  separate  computer  runs  to  determine  whloh  Is  the  most 
effective  In  Increasing  the  system  launch  rate.  The  launch  rate  Is 
calculated  and  the  analysis  Is  conducted  as  before.  This  process  Is 
continued  until  the  desired  launch  rate  Is  reached.  Since  the  original 
design  goal  of  the  STS  oalled  for  a  launch  rate  of  year  at  KSC, 

this  level  was  used  as  the  stopping  point  for  simulation  effort  (19i39- 
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40).  A  mem  d«talled  step-'by>8tep  example  of  this  process  is  presented 
In  Chapter  VI. 

In  order  to  determine  whether  or  not  the  results  from  two  runs 
were  statistically  different,  a  method  of  statistically  testing  the 
results  was  required.  Since  the  model  output  means  and  standard 
deviations,  it  was  decided  to  use  the  pooled  t-test  of  hypotheses  to 
evaluate  the  results. 

The  object  of  the  successive  runs  of  the  model  is  to  increase  the 
launch  rate  of  the  system.  Therefore,  the  teat  to  be  conducted  must 
be  one  that  will  determine  if  the  launch  rate  from  the  first  run  is 
statistically  larger  than  the  launch  rate  from  the  second  run.  However, 
the  mean  and  standard  deviation  given  in  the  output  is  in  terns  of  the 
average  time  between  launches.  Since  the  greater  the  time  between 
launches,  the  lower  the  launch  rate,  the  actual  test  that  Is  required 
is  one  that  tests  whether  or  not  the  time  between  launches  of  the  second 
run  is  less  than  that  of  the  first  run. 

Before  proceeding  further  with  the  description  of  the  test  statis¬ 
tics  used,  it  should  be  noted  that  the  tests  used  assume  that  the 
populations  of  Interest  are  normally  distributed.  Since  the  result, 
time  between  launches,  is  the  result  of  the  sum  of  a  number  of 
independant  random  variables,  the  central  limit  theorem  wais  assumed  to 
be  applicable  and  the  final  distribution  was,  therefore,  assumed  to  be 
normal.  A  set  of  results  were  tested  using  the  Kolmogorov-Smirnov 
test  and  it  was  found  that  there  was  no  sign if leant  difference  between 
the  aotual  data  and  the  expected  data  for  a  normal  distribution.  (Ref 
25 results  of  this  test  can  be  found  in  Chapter  VI,  There¬ 
fore,  the  assumption  of  normality  seemed  to  be  appropriate  for  this 
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study.  The  test  and  equations  described  below  are  from  Hines  and 
Wontgomery  (Ref  30i287-289,  295-296,  and  312), 

As  prerlously  mentioned,  the  object  of  the  statistical  testing  was 
to  determine  whether  or  not  the  means  of  two  runs  were  equal.  Therefore, 
the  null  hypothesis  (h^)  is  that  the  two  means  are  equal  (u^  •  U2)  , 

where  uj^  is  the  mean  of  the  first  run  and  U2.  is  the  mean  of  the  second 
ztui.  The  alternate  hypothesis  (H^)  is  that  the  first  mean  is  greater 
than  the  second  mean  (uj^  y  U2)  .  If  'Ute  null  hypothesis  is  rejected, 

then  it  is  accepted  that  the  first  mean  is  greater  than  the  second,  and 
the  launch  rate  of  the  second  run  is  greater  than  that  of  the  first. 

Hie  type  of  test  statistic  used  to  test  these  hypotheses  depends 
on  whether  or  not  the  variances  of  the  distributions  are  equal. 

Therefon,  before  the  means  can  be  tested,  the  variances  must  be  tested 
for  equality.  The  test  statistio  used  in  this  ease  is 

Po  -  (1) 

where  is  the  test  statistic,  and  Sj  and  Sg  are  the  sample  variances 
of  the  two  distributions  of  interest.  This  variance  is  obtained  by 
squaring  the  standard  deviation  given  on  the  output  for  node  4o.  It 
should  be  noted  that  for  this  test  the  largest  variance  is  placed  in  the 
numerator  of  Equation  1,  ‘Hiis  test  statistio  is  then  compared  to  the 
following  point  of  the  F  distribution! 

^«/2,  n^-l,  ng-l  (2) 

where  ocis  the  probability  of  a  type  I  error  (0.05  vas  used  in  this 
study),  and  n^  and  02  are  the  number  of  observations  for  each  distribu¬ 
tion.  In  this  study,  nj  02  ■■  10  .  The  value  of  the  statistic  is 
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read  out  of  a  P  distribution  chart.  Por  this  study  and  the  above 
values  of  oc  ,  n^,  and  the  statistic  used  Is 

^0.025,  9,  9  " 

The  displayed  value  was  obtained  from  the  table  on  page  600  of  Ref  30. 

If  Pg  Is  greater  than  4.03,  the  null  hypothesis  Is  re,jected  and  the 
variances  are  assumed  to  be  not  equal.  If  P^  Is  not  greater  than  4.03, 
the  varlanoes  are  assumed  to  be  equal. 

Onoe  the  equality  of  the  variances  has  been  determined,  the  test 
on  the  means  Is  conducted. 

If  the  variances  are  equal,  the  teat  statistic  Is 

to  -  (*t  -  *2)  /  (Sp  *  (1/ni  +  l/ng)^) 

where  tg  Is  the  test  statistic,  and  X2  are  the  sample  means  of  the 
two  runs,  n^  and  n2  are  as  before,  and  Sp  Is  the  pooled  standard 
deviation.  Sp  Is  calculated  as 

Sp  -  (("1  -  1)  *  +  (ng  -  1)  *  S2^)  /  (ni  *  ~  2)  (5) 

where  S-^,  S2,  n^^,  and  n2  are  as  described  before.  This  test  statistic 
Is  then  compared  to 

tmt,  ni  +  n2  -  2  (6) 

Since  oC,  n^,  and  n2  are  constant  for  this  study,  the  above  statistic  Is 

*0.05,  18  -  1*734  (7) 

The  displayed  value  was  obtained  from  the  table  on  page  596  of  Ref  30. 

If  tg  la  greater  than  1.734,  the  null  hypothesis  Is  re.^ected  and  the 
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first  mean  Is  assumed  to  be  greater  than  the  second,  Indicating  that  the 


launch  rate  of  the  second  Is  greater  than  that  of  the  first.  If  t^  is 
not  greater  than  1.73^,  the  first  mean  Is  not  grea-ter  than  the  second 
and  thus  the  second  run  did  not  show  an  Increase  In  launch  rate. 

If  the  test  on  the  variances  indicates  that  they  are  not  equal,  the 
following  test  statistic  Is  usedt 

to  -  (Xj  -  X2)  /  (Si^nj  +  Sg^/ng)^  (8) 


The  variable  values  are  the  same  as  before.  This  statistic  is  compared 
to  t^y  where 


((S^Vn^)  (SgVnz))^ 

(SiVni)V(ni  +  1)  +  (S2Vn2)^/("2 


If  t^  is  greater  than  t*^y,  the  null  hypothesis  is  rejected  and  the 
second  mean  is  assumed  to  be  less  than  the  first  mean,  indicating  that 
the  launch  rate  of  the  second  run  is  greater  than  that  of  the  first  run. 
If  tg  is  not  greater  than  td^^y,  the  second  run  did  not  improve  the  launch 

rate. 

The  results  of  these  tests  are  presented  in  Chapter  VI  and  Appendix 
A.  In  addition,  a  detailed  example  calculation  is  presented  in  Chapter 
VI. 
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IV.  Verification  and  Validation 

Ihe  utility  of  this  thesis  effort  depends  on  the  validity  of  the 
simulation  model,  and  the  assumptions  on  which  It  Is  based.  While  it 
was  not  possible  to  validate  the  model's  predictive  properties  with 
100^  certainty,  steps  were  taken  to  Insure  It  produced  reasonable 
accurate  projections  of  future  STS  capacity.  Three  steps  were  used  In 
this  validation  process  (Ref  25i210),  First,  the  Q-GKRT  simulation 
runs  were  examined  to  verify  that  the  model  operated  as  Intended. 

Next,  the  underlying  assumptions  and  simulation  results  were  examined 
for  validity.  Finally,  the  results  were  subjected  to  statistical 
testing,  and  sensitivity  analysis  was  performed  on  the  model's 
variables.  The  following  paragraphs  describe  each  of  these  steps  In 
greater  detail. 

Verification 

To  verify  that  the  simulation  model  behaved  as  intended,  the 
features  of  the  Q-CERT  trace  routines  were  used.  These  routines  list 
the  sequence  in  which  activities  are  performed  and  portray  the  deci¬ 
sions,  value  assignments,  and  branching  which  occur  at  the  nodes  (Ref 
7il9*i).  These  traces  were  obtained  for  various  simulation  runs  and 
thoroughly  examined.  They  revealed  that  the  simulation  model  accu¬ 
rately  reflected  the  various  activities  done  on  STS  flight  hardware, 
and  properly  routed  the  hardware  through  the  various  facilities.  The 
trace  routines  also  revealed  that  the  limited  capacities  of  the  STS 
facilities  were  propoj.iir  reflected  In  the  launch  processing  sequence. 
Therefore,  It  was  determined  that  the  simulation  model  behaved  as 
designed. 
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Validation 

Tlie  validation  of  the  simulation  method  was  itself  a  multi-step 
process.  The  underlying  assumptions,  the  model,  and  the  simulation 
results  were  each  examined  for  validity. 

Assumptions.  The  assumptions  discussed  in  Chapters  I  and  III 
were  all  examined  for  veracity.  The  following  paragraphs  present  the 
validation  process  for  each  of  them. 

The  first  assumption  was  that  the  facility  upgrades  and  hsurdware 
procurement  contained  in  current  funding  plans  will  be  completed  by 
1988,  This  assumption  does  not  affect  the  validity  of  the  thesis.  If 
the  planned  upgrades  are  not  completed,  they  will  simply  have  to  be 
considered  necessary  additions  to  the  faclllty/hardware  procurements 
listed  in  the  conclusions. 

The  assumption  that  no  accidents  occur  to  reduce  the  flight  hasrd- 
ware  available  or  to  Interrupt  launch  processing  activities  is,  of 
course,  a  very  optimistic  one.  Accidents  are  likely,  and  excess  launch 
capacity  should  bo  provided  to  allow  for  the  resulting  capacity 
reductions.  This  excess  capacity  should  te  large  enough  to  Insure 
(with  reasonable  confidence)  that  the  minimum  launch  rate  needed  is 
achievable.  Unfortunately,  the  determination  of  how  much  excess  capac¬ 
ity  to  acquire  Is  a  difficult  task  and  Is  beyond  the  scope  of  this  the¬ 
sis  effort.  The  recommendations  contained  In  Chapter  VIII  Identify 
this  topic  as  an  Important  follow  on  effort. 

The  activity  times  contained  In  the  Shuttle  Turnaround  Analysis 
Repcrt  (star)  were  assumed  to  be  the  best  available  estimates  of  the 
actual  times  to  be  experienced  when  the  sysiem  matures.  As  the  people 
publishing  the  report  are  those  tasked  with  providing  realistic 


estimates  of  these  times,  the  times  should  he  the  best  estimates 
available.  However,  only  five  launches  have  taken  place,  and  launch 
processing  activities  are  still  on  the  steep  portion  of  their  learning 
curves.  Therefore,  adequate  samples  of  actual  activity  times  to  statis¬ 
tically  compare  to  the  assumed  (estimated)  times  do  not  exist. 
Consequently,  sensitivity  analysis  was  performed  on  the  estimated 
actlvltly  times  and  their  assumed  distributions.  The  results  of  these 
analyses  are  presented  in  Chapter  VI.  As  expected,  the  simulation 
results  are  very  sensitive  to  changes  In  the  estimated  activity  times, 
moderately  sensitive  to  the  degree  of  symmetry  assumed  for  their 
distributions,  and  slightly  sensitive  to  the  spread  (value  of  sigma) 
of  the  distributions  about  their  means.  Kodel  sensitivity  to  the 
choice  of  distributions  (beta-PERT,  normal,  etc)  was  comparable  to 
to  the  choice  of  sigma.  Telephone  conservation  with  K?:C  personnel 
Indicated  that  the  choice  of  a  beta-PERT  distribution  with  the  most 
likely  value  set  equal  to  the  assessed  value,  the  optlsmlstlc  value 
set  equal  to  the  allotted  value,  and  the  pessimistic  value  set 
symmetric  with  the  optimistic  value  about  the  most  likely,  is  as  good  a 
guess  as  any.  Several  years  of  launch  processing  data  will  have  to  be 
accrued  before  the  choice  of  distribution  type  can  be  based  on  an 
accurate  fit  of  actual  data.  Chapter  VIII  contains  a  recommendation 
that  the  simulation  runs  be  repeated  when  sufficient  launch  date 
becomes  available  to  adequately  characterise  the  actual  distributions 
for  activity  times. (Refs  12 i  and  28). 

The  assumption  that  payloads  are  always  available  when  needed  for 
launch  processing  activities  Is  defendable.  Although  unexpected  delays 
In  payload  availability  may  occasionally  affect  launch  processing, 
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flexible  payload  scheduling  procedures  and  prompt  indentification  of 
payload  problems  can  minimize  launch  delays.  At  any  rate,  the  addition 
of  excess  launch  capacity  would  not  resolve  this  type  of  problem.  The 
assumption  that  the  current  flight  manifest  is  representative  of  future 
manifests  affects  the  number  of  flights  requiring  payload  Insertions  in 
the  OIV.  The  later  process  adds  time  to  the  Or biter  turnaround  and 
affects  the  overall  launch  rate.  Since  the  total  number  of  flights 
scheduled  for  the  STS  over  the  next  decade  has  been  substantially 
decreased,  the  payload  projections  based  on  the  higher  launch  rates  are 
probably  inaccurate  (Ref  6).  Therefore,  the  scheduled  manifest  for  the 
next  few  years  is  probably  the  most  representative  of  the  types  of 
payloads  and  their  relative  numbers. 

The  assumptions  made  about  VAFB  launch  rates  were  also  examined. 

The  VAFB  launch  rate  governs  the  number  of  ETs,  SRB  pairs,  and  Orblters 
made  unavailable  for  KSC  use.  The  rate  at  which  ETs  and  SRBs  are  used 
at  VAPB  affects  the  point  at  which  ET  and  SRB  production  must  be 
increased  above  current  limits.  The  amount  of  time  an  Orbiter  spends  at 
VAPB  affects  the  equivalent  number  of  Orblters  available  for  KSC  use. 

To  determine  VAFB's  ability  to  meet  scheduled  launch  rates,  and  to 
determine  the  amount  of  time  that  an  Orbiter  spends  in  launch  processing 
activities,  a  Q-GERT  simulation  and  analysis  was  done  for  VAFB  (Appendix 
B) .  This  analysis  used  the  Information  contained  irt  the  VAEB  Shuttle 
Tiimaround  Analysis  Report  (Ref  21).  Ihe  same  assumptions  made  about 
the  activity  times  in  the  KSC  report  were  made  for  the  times  in  the 
VAPB  report.  The  results  of  the  VAPB  simulation  were  used  to  character¬ 
ise  the  data  used  by  the  KSC  simulation  to  model  the  draw  off  of 
resources  for  VAPB  operations.  As  scheduled  VAPB  flights  will  tax  the 


capacity  of  that  launch  site,  the  sensitivity  analysis  presented  in 
Chapter  VI  showed  that  it  made  little  difference  to  KSC  operations  if 
a  shuttle  OrMter  was  dedicated  to  VAFB. 

Finally,  the  assumption  that  the  Q>GERT  simulation  techniques  work 
as  advertised  was  examined,  llie  Q-GERT  trace  routS-nes  showed  that  the 
model  behaved  as  described  in  the  text  (Ref  7).  The  fact  that  the 
use  of  past  projections  on  shuttle  turnaround  times  produced  results 
that  agreed  with  old  projections  of  launch  capacity  indicated  that  the 
Q-GERT  statistic  collection  methods  woric.  Also,  an  analysis  of  the 
Q-GERT  statistical  techniques  covered  in  the  text  indicated  that  they 
were  appropriate.  It  was  assumed  without  question  that  the  Q-GERT 
simulation  package  available  on  the  computer  system  used  is  the  same 
as  that  described  In  the  text, 

Model.  The  KSC  and  VAFB  Q-GFRT  simulation  models  in  Appendices  A 
and  B  appear  to  accurately  portray  the  flow  of  shuttle  hardware  through 
the  various  facilities  used  for  launch  processing.  Given  the  proper 
inputs,  and  given  that  the  Q-GFRT  simulation  package  operates  as 
advertised,  the  model  output  should  accurately  predict  STS  launch 
capacity.  Inaccuracies  could  arise  as  a  result  of  the  assumptions 
made  about  the  input,  or  from  improper  analysis  of  the  computer  results. 
The  assumptions  were  discussed  in  the  previous  paragraphs,  and  the 
results  are  discussed  in  the  following  ones. 

Results.  To  validate  the  results,  they  were  compared  to  published 
and  analytically  derived  projections  of  STS  capacity,  and  the  model 
variables  were  subjected  to  sensitivity  analysis. 

nrojeetlons  of  STS  launch  capacity  show  it  as  24  launches  per  year 
with  the  facilities  to  be  in  place  by  1988  (Refs  81681  and  I0i79).  The 
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Q-GERT  Model  waa  run  with  the  activity  tlaes  contained  in  STAR  17 
(May  79)  and  the  results  gave  a  capacity  of  about  24  per  year. 

However,  when  the  model  was  run  using  the  activity  tines  contained  in 
the  May  1982  STAR  (STAR  23),  the  predicted  capacity  for  KSC  dropped 
froa  17  launches  per  year  to  12.  Aibllshed  capacity  is  unchanged 
and  still  listed  as  24  per  year,  with  18  launches  per  year  coming  from 
KSC.  Therefore,  either  the  published  capacity  or  the  simulated  capacity 
is  incorrect.  As  the  current  flight  manifest  is  based  on  achieving  a 
launch  rate  of  24  per  year  by  fiscal  year  1988,  the  question  of  which 
figure  is  correct  becomes  a  very  important  one. 

The  sensitivity  analysis  discussed  in  Chapter  VI  showed  that  the 
simulation  results  were  slightly  sensitive  to  the  type  of  distributions 
and  values  of  sigma  ohosen  for  the  activity  tines.  However,  this 
sensitivity  was  not  enough  to  account  for  the  wide  difference  between 
the  models  projected  capacity  and  the  published  capacity.  The  model 
was,  however,  very  sensitive  to  the  choice  of  most  likely  values  for 
the  activity  times.  These  values  were  taken  directly  from  the  STARs, 
where  they  are  listed  as  the  assessed  times  for  the  various  activities. 
The  assessed  values  have  grown  considenble  over  the  last  couple  of 
years.  For  example,  the  overall  assessed  tine  for  launch  pad  operations 
has  grown  from  57  hours  in  STAR  17  to  320  hours  in  STAR  23.  As  these 
times  are  supposed  to  be  the  most  accurate  available  estimates  of  the 
actual  tines  to  be  experienoed  when  the  system  natures  (after  flight  30), 
It  appears  likely  that  the  current  flight  schedule  is  overly  optimistic, 
and  that  the  models  projected  capacities  are  more  realistic  (Refs  9i  and 
32).  Not  only  that,  but  it  appean  likely  that  additional  capacity  will 
have  to  be  added  tc  the  system  to  meet  current  flight  schedules,  niere* 
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fore,  the  results  contained  In  Chapter  VII  can  be  used  now  as  a  guide  to 
adding  the  work  shifts  and  facilities  necessary  to  meet  the  current 
flight  schedule. 

Since  there  were  no  published  projections  of  STS  capacity  which 
■atehed  the  results  of  the  oomputer  simulation,  the  simple  analytic 
model  presented  in  Chapter  V  was  devised  to  provide  results  to  compare 
the  simulation  results  to.  Unfortunately.  It  was  not  possible  to  build 
an  analytic  model  which  could  properly  acoount  for  the  complex  Inter- 
aotiona  among  the  facilities  or  for  their  limited  capacities.  Although 
the  results  provided  by  the  simple  analytic  approach  are  somewhat 
inaccurate,  they  are  good  enough  to  compare  to  the  simulation  results 
to  insure  that  the  latter  results  have  the  appearance  of  accuracy. 

This  final  step  in  the  validation  process  added  Ignlficantly  to  our 
confidence  that  the  simulation  method  produced  accuret'd  and  useable 
projections  of  STS  launch  capacity. 


1 


48 


t. 


V,  Analytic  Approach 

Tfie  simple  analytic  method  covered  In  this  chapter  was  used  to 
produce  a  launch  enhancement  plan  similar  to  that  obtained  using  the 
simulation  method.  Unfortunately,  the  simplifioations  made  to  allow 
the  analytic  approach  prevent  this  model  from  properly  reflecting  the 
interactions  among  the  various  facilities.  For  example,  the  simulation 
model  will  not  allow  an  Orblter  to  leave  the  OIF  hay  until  an  ET/srb 
assemhly  is  available  to  mate  it  to  in  the  VAB.  The  retention  of  the 
serviced  Orblter  in  the  OFF  prevents  that  OFF  bay  from  being  used  to 
servloe  the  next  Orbiter  in  line.  This  occurrence  is  a  true  reflection 
of  reality.  However,  the  analytic  model  Ignores  the  fact  that  serviced 
Orbiters  may  remain  in  the  OFF  and  assumes  that  service  on  the  next 
Orblter  can  begin  immediately  upon  the  completion  of  service  on  the 
previous  one.  This  assumption  causes  the  analytic  model  to  overstate 
the  capacity  of  the  facility.  Similar  simplifying  assumptions  are  made 
about  the  other  STS  facilities  and  hardware.  Therefore,  the  plan 
produced  by  the  analytic  model  is  inacouzate  and  overly  optimistic. 
However,  in  the  absence  of  any  published  plan  using  recent  STAR  data, 
this  analytic  plan  is  accurate  enough  to  compare  to  the  simulation  results 
to  insure  that  the  latter  have  the  appearance  of  validity.  This 
appearance  of  validity  increases  the  confidence  with  which  the 
simulation  results  can  be  used.  The  following  paragraphs  describe 
the  analytic  network  used,  the  method  used  to  compute  facility  and 
hardware  capacities,  and  the  derivation  of  the  launch  enhancement 
plan. 
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Pl«ure  3,  STS  Analytic  Network 


Analytic  Network 

The  analytic  network  used  to  model  the  STS  launch  processing  flow 
la  ahown  In  Figure  3 •  This  network  takes  Into  account  the  flight 
hardware  needed  to  aseeahle  a  Shuttle  Vehicle,  and  Its  flow  through 
the  various  facilities  In  preparation  for  launch*  The  nodes  represent 
the  various  facilities,  and  the  'branches  represent  their  capacities. 

The  interelatlon  of  the  branches  and  nodes  Is  similar  to  that  In  a  PENT 
diagram  (Ref  18i487-U91).  All  of  the  activities  (branches)  leading 
Into  a  node  must  be  completed  before  that  node  can  be  released. 

Also,  all  of  the  activities  represented  by  the  tranches  must  be  com¬ 
pleted  before  a  launch  can  take  place.  Therefore,  the  capacity  of  the 
ayatam  la  equal  to  the  leaat  of  the  capacities  along  the  branches. 


Table  I,  Activity  Times 


Activity 

Activity  Time 

(hours/launch) 

« 

Source 
(Figure  #) 

HLP  Wash 

62 

14 

MLP  Ref urb 

39 

14 

SRB/ET  (stacking) 

272 

10 

VAB  (Orblter  Mating) 

168 

10 

Fad  Ops 

320 

6,  7 

Pad  Refurb 

78 

13 

ET  C/O 

216  - 

10 

PSF  Ops 

272 

11 

Orblter  Turnaround  Time 
(Vertlcle  Payload) 

840 

7 

Orblter  Turnaround  Time 
(Horlsontal  Payload) 

886 

6 

OFF  Time  (Vert  Payload) 

352 

7 

OFF  Time  (Hor  Payload) 

400 

6 

•  (star  23,  Ref  12) 


Oawteltles 

The  capacities  of  the  various  facilities  are  calculated  using  the 
assessed  times  contained  In  STAR  23,  Since  symmetric  distributions 
were  chosen  for  the  simulation  model  variables,  their  most  likely 
values  (STAR  23  assessed  values)  are  also  their  mean  values.  Therefore 
the  use  of  the  assessed  values  as  the  expected  values  of  this  analytic 
approach  produces  results  which  can  be  validly  compared  to  the  simula¬ 
tion  results.  The  activity  times  contained  in  Table  I  were  obtained 
from  Figures  6,  7,  10,  11,  13,  and  14  of  STAR  23.  These  times  were 
used  to  oomputs  the  oapaoities  of  the  various  facilities  and  flight 


hardware.  The  remainder  of  this  section  covers  the  calculations  of 
these  capacities. 

The  capacity  calculations  are  dependant  on  the  work  week  schedule 
chosen.  The  standard  work  week  used  Is  two  shifts,  five  dajrs  per 
week  (2/5).  The  longer  work  weeks  considered  are  three  shifts,  five 
da]rs  per  week  (3/5)  Md  three  shifts,  seven  days  per  week  (3/7). 

Each  shift  is  eight  hours  long,  and  the  latter  work  week,  (3/7),  Is  an 
around  the  clock  operation.  No  allowances  axe  made  for  holidays.  The 
various  activity  times  are  multiplied  times  a  factor  which  reflects  the 
work  week  chosen.  This  computation  determines  how  many  work  days  are 
required  to  complete  an  activity.  The  three  work  week  factors  are 
calculated  as  follows 1 

7  days  per  work  week 

(2/5)  •  -  •  0.0875  days/hour  (10) 

80  hours  per  work  week 

7  days  per  work  week 

(3/5)  •  -  •  0.0583  days/hour  (11) 

120  hours  per  work  week 

7  days  per  work  week 

(3/7)  - - -  0,0417  days/hour  (12) 

168  hours  per  work  week 

YAB  High  Bay  Capacity.  In  the  process  of  assembling  a  Shuttle 
Vehicle  In  the  VAB,  certain  hasaxdous  operations  take  place.  During 
ttiese  operations,  the  other  VAB  High  Bays  are  evacuated.  Therefore, 
the  tlse  it  tains  to  assemble  a  Shuttle  Vehicle  can  be  extended  by 
iha  requirement  to  perform  hasaxdous  operations  in  one  of  the  other 
High  Bays  (Ref  12i7~ll).  The  hasaxdous  operations  are  Solid  Rocket 
Hetor  (SRM)  staeking  (52  hours)  and  Orbltor  hoisting  (4  hours)  (Ref  12). 


52 


If  only  one  High  Bay  Is  used  for  vehicle  assenbly,  no  delays  irill 
result.  The  expected  vehicle  assembly  time  Is  therefore  equal  to 

(MLP  Refurb  +  SRB/BT  4  VAB)  (13) 

OT0  using  the  values  in  Table  I, 

(39  4  272  4  168)  hours  -  h79  hours  (14) 

If  two  High  Bays  are  used,  there  is  a  chance  that  the  hasardous 
operations  in  one  bay  will  delay  work  in  the  other.  However,  if  their 
operations  are  running  in  parallel,  no  delays  will  be  experienced. 

This  latter  result  can  occur,  since  safety  constraints  do  permit  the 
simultaneous  processing  of  two  SRK  sets  (Ref  12i7'-'l).  The  ratio  of 
hasardous  operation  time  to  total  assembly  time  is 

56  hours 

-  -  0.117  (15) 

479  hours 

Assuming  the  start  of  assembly  operations  in  the  two  High  Bays  are 
independant  of  each  other,  the  probability  that  operations  in  one  bay 
will  be  delayed  by  hasardous  operations  in  the  other  is 

1.0  -  0.117  -  0.833  (16) 

Therefore,  the  expected  assembly  time  when  two  High  Bays  are  used  is 

479  hours  4  (0.883  *  56  hours)  •  528.45  hours  (17) 

When  three  High  Bays  are  used  for  Vehicle  Assembly,  there  will  be 
at  least  a  56  hour  delay  due  to  the  restriction  on  SRK  parallel 
processing*  A  112  hour  delay  will  result  when  the  three  bays  operate 


out  of  sequence  with  each  other.  The  probability  that  a  112  hour 


delay  will  occur  Is 


479  (479  -  56)  (479  -  112) 


*  (0.117)^  -  0.677  (18) 


Therefore,  the  expected  assembly  time  when  three  High  Bays  are  used  la 

479  hours  +  56  hours  +  (0.677  *  56  hours)  -  572.89  hours  (19) 

If  four  High  Bays  are  used  for  vehicle  assembly,  delays  of  56, 

112,  and  I68  hours  are  possible.  The  56  hour  delay  will  always  occur 
due  to  the  restriction  on  parallel  SRB  processing.  The  112  hour  delay 
will  occur  when  two  bays  operate  In  sequence  while  the  other  two 
operate  out  of  sequence,  or  when  three  bays  operate  In  sequence.  The 
168  hour  delay  will  occur  when  all  four  bays  operate  out  of  sequence 
with  each  other.  The  probability  of  a  112  hour  delay  Is  equal  to 


479  56  (479  -  56)  (479  -  112)  4 

- »  —  « -  * - *  (0.117)  *  6 

56  56  56  56 


479  56  56  (479  -  56)  u 

+  - *  —  *  _  * - *  (0,117)  *  4  -  0.523  (20) 

56  56  56  56 


The  factors  of  6  and  4  reflect  the  nxinber  of  wajrs  the  two  configurations 
which  produoe  a  112  hour  delay  can  occur.  The  probability  of  a  168 
hour  delay  is  equal  to 


479  (479  -  56)  (479  -  112)  (479  -  I68)  . 

- * - * - - - *  (0.117) 

56  56  56  56 


-  0.439  (21) 
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Therefore,  the  expected  assenhly  tl«e  when  four  High  Bays  are  used  is 


479  hours  +  56  hours  -f  (0,523  *  56  hours)  +  (0,439  *  112  hours) 

■  613,48  hours  (22) 


The  VAB  High  Bay  capacity  Is  computed  as 


365  days/year 

(expected  assembly  time)  *  0,0875 


*  0 


High  Bays 


(23) 


where  0,0875  la  the  work  week  factor  for  the  (2/5)  schedule.  Capacities 
reflecting  the  other  work  week  schedules,  (3/5)  and  (3/7),  are  computed 
using  the  factors  0,0583  and  0,0417,  The  capacities  for  the  four  VAB 
configurations  were  calculated  using  Equation  23  and  the  results  of 
Equations  14,  17,  19  and  22,  These  capacities  are  shown  In  Table  ii. 


Table  II,  VAB  High  Bay  Capacity 


Work  Week 

(shifts/hours) 

Capacity  In  Launches  per  Year 

1  Bay 

2  Bays 

3  Bays 

4  Bays 

(2/5) 

8,71 

15.79 

21  84 

27.20 

(3/5) 

13.06 

23.68 

32.77 

40,80 

(3/7) 

18.29 

33.15 

45.87 

57.12 
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MLP  Capacity.  The  MLP  capacity  ia  calculate  as 


365  days/yeor 

(MLP  Wash  +  MLP  Refurb  +  SRB/ET  ♦  VAB  +  Pad  Ops)  *  0.0875 


*  n  MLPs 


(24) 


MLP  Refurbishaent,  SRB^T  Stacking,  and  VAB  Obiter  mating  operations  are 
carried  out  in  the  VAB,  while  MLP  Washing,  and  Pad  Operations  are 
carried  out  at  the  launch  pad.  If  either  of  these  facilities  should 
go  to  a  (3/5)  or  (3/7)  work  week  schedule,  the  equation  would  change 
slightly.  For  example,  the  addition  of  a  third  shift  In  the  VAB  is 
calculated  as 


365  days/year 

((Wash  +  Pad)  *  0.0875)  +  ((Refurb  +  SRB/et  +  VAP)  *  0.583) 

*  n  MLPs  (25) 

Various  strategies  for  increasing  MLP  capacity  were  investigated. 

Their  capacities  and  their  percentage  increases  over  the  nominal 
capacity  (2/5  work  week)  are  shown  in  Table  III.  Total  MLP  capacity 
is  found  by  multiplying  the  chosen  strategy  by  the  number  of  MLPs 
available.  For  example,  the  three  MLPs  now  available  have  a  nominal 
capacity  of  3  *  4.85  ,  or  14,53,  launches  per  year. 
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Table  III.  MLP  Capacity  (per  KLP)* 


Strategy  for  Adding  Work  Shifts 
(shifts/days) 

Capacity  in 
Launches 
per  Year 

Percentage  Increase 
over  the 

Nominal  Capacity 

Nominal  Strategy  (2/5) 

4.85 

(3/5)  for  Pad 

5.69 

17.4  % 

(3/5)  for  VAB 

5.95 

22.8  < 

(3/7)  for  Pad 

6.31 

30.3  < 

(3/7)  for  VAB 

6.84 

41.1 

(3/5)  for  VAB  and  Pad 

7.27 

50.0  < 

(3/7)  for  Pad  and  (3/5)  for  VAB 

8.32 

71.8  % 

(3/5)  for  Pad  and  (3/7)  for  VAB 

8.64 

78.3  <5 

(3/7)  for  Pad  and  VAB 

10.17 

110.0 

•  No  adjustment  for  hazardous  operations  in  VAB  Hl«h  Bays 


Although  the  capacities  listed  in  Table  III  reflect  the  relative 
merits  of  the  various  strategies,  they  do  not  adequately  take  into 
account  the  true  capacity  of  the  VAB.  As  discussed  in  the  section  on 
VAB  High  Bay  capacity,  Shuttle  Vehicle  assembly  operations  in  one  High 
Bay  can  be  interrupted  by  hazardous  operations  in  another  High  Bay. 
Since  vehicle  assembly  operations  take  place  on  top  of  the  KLPs,  MLP 
capacity  is  reduced  by  these  interruptions.  The  calculations  of  High 
Bay  capacity  revealed  that  VAB  operations  (MLP  Refurbishment,  SRB/feT 
Stacking,  and  Orbiter  mating)  are  dependant  on  the  number  of  High  Bays 
configured  for  vehicle  assembly.  Equation  17  shows  that  the  expected 
assembly  tine  is  528.45  hours  when  two  High  Bays  are  used.  Likewise, 
Equation  19  gives  572.89  hours  as  the  expected  assembly  time  when  three 
boys  are  in  use,  and  Equation  22  gives  613.48  hours  as  the  expected 
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time  when  four  heys  are  In  use,  Ttie  expected  tine  when  only  one  hay  is 
used  Is  479  hours.  This  tine  Is  the  one  that  was  used  to  produce  the 
results  shown  In  Table  III,  To  compute  the  adjusted  values  for  MLP 
capacity,  the  expected  values  for  Hl«h  Bay  operations  were  Inserted  In 
Equation  24  In  place  of  the  tines  represented  by  (MLF  Refurb  ♦  SRB/ET 
-4-  VAB),  The  capacities  listed  In  Table  IV  are  these  adjusted  values. 
Total  MLP  capacity  is  found  by  multiplying  the  listed  capacity  by  the 
number  of  MLPs, 


Table  IV.  MLP  Capacity* 


#  High 

Bays  Used 

Strategy  for  Adding  Work  Shifts 
(shlfts/days) 

Capacity  In 

Launches 
per  Year 

2  Bays 

(2/5)  for  VAB  and  (2/5)  for  Pad 

4,58 

II 

(3/5)  for  VAB  and  (2/5)  for  Pad 

5.68 

II 

(3/5)  for  VAB  and  (3/5)  for  Pad 

6,87 

II 

(3/7)  for  VAB  and  (3/5)  for  Pad 

8.24 

N 

(3/7)  for  VAB  and  (3/7)  for  Pad 

9.62 

3  Bays 

(3/7)  for  VAB  and  (3/7)  for  Pad 

9.17 

4  Bays 

(3/7)  for  VAB  and  (3/7)  for  Pad 

8.80 

*  Per  MLP,  when  two  or  more  High  Bays  are  use 


It  should  be  noted  from  the  last  three  lines  above  that  the 
capacity  of  a  single  MLP  decreases  as  the  number  of  VAB  High  Bays 
used  for  Shuttle  Vehicle  assembly  Is  increased.  Therefore,  an 
increase  in  the  number  of  High  Bays  will  force  a  more  than 
proportionate  increase  In  the  number  of  MIJ*s, 
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Et  c/O  Cell  CaTaaclty.  The  ET  c/O  Cell  capacity  is  eonputed  as 
365  days/year 

-  *  #  C/O  Cells  (26) 

(ET  c/O)  *  0.0875 

The  BT  C/O  time  (in  hours  per  launch)  was  obtained  from  Table  I, 

Table  V  contains  the  calculated  ET  C/O  Cell  capacities  for  the  three 
types  of  work  weeks. 

Table  V.  ET  C/O  Cell  Capacity* 


Work  Week 

(shifts/days) 

Capacity  in  Launches  per  Year 

1  c/o  Cell 

2  C/0  Cells 

(2/5) 

19.31 

38.62 

(3/5) 

28.97 

57,94 

(3/7) 

40.56 

81.11 

*  No  adjustaent  for  hazardous  operations  in  VA6 


However,  the  capacities  in  Table  V  do  not  allow  for  work 
interruptions  caused  by  hazardous  operations  in  the  other  VAB  High 
Bays,  Equations  17  and  19  reflect  the  additional  time  required  to 
perform  Shuttle  Vehicle  assembly  as  hazardous  operations  periodically 
delay  High  Bay  operations.  The  ratio  of  ET  C/o  time  to  total  vehicle 
assembly  time  is 


216 

479 


(27) 


By  multiplying  this  ratio  times  the  adjusted  vehicle  assembly  tines 
given  by  Equations  17  and  19#  an  expected  ET  C/O  time  is  obtained. 
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This  expected  tlae  reflects  the  delays  caused  by  hasaxdous  operations 
In  the  VAB.  The  adjusted  tlaes  obtained  are  236.30  hours  for  ET  c/o 
when  two  Hl^h  Bays  are  used  for  vehicle  assesbly.  and  258.32  hours 
when  three  bays  are  used.  The  capacities  shown  In  Table  VI  were 
obtained  by  substituting  the  adjusted  times  In  place  of  the  previously 
used  216  hours  In  Equation  26. 


Table  VI.  ET  C/O  Ctell  Capacity* 


#  VAB 

Bays 

Work  Week 
(ehlfts/days) 

Capacity  In  Launches  per  Year 

1  c/o  Cell 

2  c/o  Cells 

2 

(2/5) 

17.51 

35.01 

2 

(3/5) 

26.26 

52.52 

2 

(3/7) 

36.76 

73.52 

3 

(3/7) 

33.91 

** 

*  Adjusted  for  delays  caused  by  the  performance  of 
hasaxdous  operations  in  the  other  VAB  High  Bays 

**  The  use  of  a  third  High  Bay  for  vehicle  assembly 
reduces  the  bays  available  for  ET  C/O  to  one. 


PSF  Capacity.  The  PSP  capacity  Is  calculated  as 


365  days/year 

- *  #  PSP  bays  (28) 

(PSP  Ops)  *  0.875 

nie  calculated  cape.cltles  for  the  PSP  are  shown  In  Table  vil. 
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Table  VII.  FSF  Capacity 


Work  Week 

(shlfts/days) 

Capacity  in  Launches  per  Year 

1  FSF  Bay 

2  PSP  Bays 

(2/5) 

15,3^ 

30.67 

(3/5) 

23.00 

46.01 

(3/7) 

32.21 

64.41 

Orblter  Capacity.  Tite  Orbiter  capacity  computation  Is  made  tuider 
the  aeeuaptlon  that  all  ground  operations  take  place  on  an  around  the 
clock  baaie  (3/7  work  week).  This  action  enables  Orblter  capacity 
limitations  to  be  identified  separately  from  facility  limitations. 

The  equation  for  computing  Orblter  capacity  is 


365  days/year 

(Expected  Turnaround  Time  +  Expected  Flight  Time) 


*  #  Orblters 


(29) 


The  current  flight  manifest  shows  that  approximately  51. of  the 
missions  will  require  payload  installation  in  the  OFF  (Ref  9).  This 
activity  increases  the  overall  turnaround  time  by  46  hours  to  888  hours. 
The  rest  of  the  missions  (48.3^)  will  have  their  payloads  inserted  at 
the  launch  pad,  and  the  assessed  turnaround  time  for  these  missions  is 
84o  hours  (Ref  Table  I).  The  expected  Orbiter  turnaround  time  thus 
becomes 


(888  hours  *  0,517)  ♦  (840  hours  *  0,483)  «  864,82  hours  (30) 


or 


(864.82  hours  *  0,0417  days/hour)  -  36,034  days/launch  (31) 
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The  expected  tlae  le  eoaputed  using  the  flight  time  distribu¬ 

tions  assumed  for  the  simulation  model.  Those  were  normal  distribu¬ 
tions  with  means  of  12  days  for  Spaoelab  missions  and  4  da]rs  for  all 
others.  The  relative  percentages  for  the  two  were  based  on  the  current 
fliKht  manifest  and  are  Vf,7A,  and  82.8^.  Therefore,  the  expected 
flight  duration  time  is 

(12  *  0.172)  (4  *  0.828)  -  5.38  days/f light  (32) 


By  plugging  the  results  of  Equations  31  and  yi  into  Equation  29.  the 
computation  of  Orbiter  capacity  becomes 


365  days/year 

(36.03  days/launch  +  5.38  days/f light) 


*  Orblters 


(33) 


Orbiter  capacity  for  various  numbers  of  Orblters  is  shown  in  Table 
VIII.  An  additional  Orbiter  is  included  for  VAPB  operations. 


Table  7III.  Orbiter  Capacity 


#  Orblters* 

Capacity  in 
Launches 
per  Year 

2 

8.81 

3 

17.63 

4 

26.4if 

5 

35.26 

6 

44.07 

7 

52.89 

8 

61.70 

*  Includes  one  Orldter  for  VAPB 


Homver,  separate  ooaputatlons  which  take  Into  account  the  work 


weeks  used  In  the  OFf,  VAB,  and  on  the  launch  pad  were  made.  The 
<!»P«cltles  obtained  were  used  In  conjunction  with  the  launch  enhancement 
plan  to  show  the  need  to  culckly  go  to  (3/7)  work  week  schedules  In  the 
three  facilities^  The  computatllons  to  esJouilate  the  capacities  are 
similar  to  those  used  In  computing  ^'LP  capacity.  For  example,  Orhlter 
capacity  with  OFF,  VAB,  and  Pad  times  of  376.82  (Equation  37  result), 
168,  and  320  hours,  and  a  (3/5)  work  week.  Is 


365  days/year 

—  — - -  ■  —  ■  —  ,  —  ■  — ___  « 

((376,82  +  168  320)  *  0.0583)  ♦  5.376  days/f light 


#  Orblters 


(34) 


An  additional  correction  was  made  while  doing  these  computations,  in 
the  section  on  VAB  High  Pay  capacity.  It  was  shown  that  hazardous 
operations  In  one  High  Bay  can  delay  normal  operations  In  the  others. 
The  mating  of  an  Orblter  to  an  ET/SRB  assembly  Is  one  of  the  operations 
which  can  be  Interrupted.  The  number  of  High  Bays  used  for  vehicle 
assembly  affects  the  expected  delay.  Equations  17,  19,  and  22  take 
Into  account  this  delay  and  can  be  used  to  recompute  the  time  It  takes 
to  route  an  Orblter  through  the  VAB,  The  ratio  of  Orblter  mating  time 
to  total  vehicle  assembly  time  Is 


168 

479 


(35) 


Equation  17  gives  the  adjusted  assembly  time  as  528,45  hours  when  two 
High  Bays  are  used.  For  the  use  of  three  bays.  Equation  19  gives 
572.89  hours  as  the  adjusted  time.  Finally,  Equation  22  gives  a  time  of 
613,46  hours  as  the  adjusted  time  when  four  bays  are  used  for  vehicle 
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assembly.  By  multiplying  these  numbers  times  the  ratio  in  Equation  35* 
expected  times  for  Orbiter  VAB  operations  can  be  obtained.  The  calc 
lated  values  are  185.32  hours  when  two  bays  are  used,  200.93  hours 
when  three  bays  are  used,  and  215*17  hours  when  four  bays  are  used. 
These  values  are  used  in  place  of  166  hours  in  Equation  >4  to  obtain 
the  results  shown  in  Table  IX. 


Table  IX.  Orbiter  Capacity 


Work  Week 

Orbiter  Capacity  in  Launches  per  Year 

OPP 

« 

VAB 

Fad 

— 

2  Orbiters 

4  Orbiters 

5  Orbiters 

6  Orbiters 

(2/5) 

^2/5) 

(2/5) 

4.42 

13.26 

17.68 

22.10 

(2/5) 

f3/5) 

(2/5) 

4.73 

14.19 

18.92 

23.65 

(2/5) 

?3/5) 

(3/5) 

5.38 

16.14 

21.53 

26.91 

(3/5) 

h/5) 

(2/5) 

5.52 

16.55 

22.07 

27.58 

(3/5) 

h/5) 

(3/5) 

6.42 

19.27 

25.69 

32.11 

(3/5) 

b/5) 

(3/7) 

7.09 

21.26 

28.35 

35.44 

(3/7) 

h/5) 

(3/5) 

7.22 

21,66 

28.88 

36.10 

(3/7) 

h/7) 

(3/5) 

7.69 

23.07 

30.76 

38.45 

(3/7) 

h/7) 

(3/7) 

8.66 

25.99 

34.65 

43.32 

(3/7) 

h/7) 

(3/7) 

8.53 

25.60 

34.13 

42.66 

(3/7) 

h/7) 

(3/7) 

8.41 

25.25 

33.66 

42,08 

*  The  number  in  the  upper  left  comer  of  each  VAB  entry  is  the 
number  of  VAB  High  Bays  used  for  Shuttle  Vehicle  assembly. 

**  Includes  one  Orbiter  for  VAPB  operations 
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OW  CaTCity.  Tho  capacity  of  the  Olf  Is  dependant  on  the  work 
week  schedule.  The  equation  for  conputlng  OW  capacity  (assunlng  a 
(2/5)  work  week  schedule)  Is 

365  days/year 

- *  #  OPP  liays  (36) 

(OFF  tine)  *  0.0875 

Missions  requiring  payload  Insertion  in  the  OFP  extend  OFF  time  to  400 
hours.  The  OFP  tine  for  all  other  nlssions  Is  352  hours  and  the  rela¬ 
tive  percentsges  of  the  two  types  of  missions  are  51.7^  and  46. 3^^ 

(Ref  9)*  Therefore,  the  expected  OFP  tine  is 

(400  hours  *  0.517)  +  (352  hours  *  0.483)  -  376.82  hours/launch  (37) 

This  time  was  used  in  Equation  36  to  produce  the  results  shown  In 
Table  X. 


Table  X.  OPP  Capacity 


Voiic  Veek 
(shlfts/days) 

Capacity  In  Launches  per  rear 

1  Bay 

2  Bays 

3  Bays 

(2/5) 

11.07 

22.14 

33.21 

(3/5) 

16.61 

33.21 

49.82 

(3/7) 

23.25 

46.50 

69.74 
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liMuneh  Pad  Capacity.  The  equation  for  computing  the  laimch  pad 
capacity  la 


365  days/year 

(Pad  Ops  +  Fad  Refurb)  *  0.0875 


*  # 


launch  pads 


(38) 


Using  the  activity  times  listed  In  Table  i,  the  various  launch  pad 
capacities  were  computed.  These  results  are  presented  In  Table  XI, 


Table  XI.  Launch  Fad  Capacity 


Work  Week 
(shlfts/days) 

Capacity  In  Launches  per  Year 

1  Pad 

2  Pads 

3  Pads 

(2/5) 

10.48 

20.96 

31.44 

(3/5) 

15.72 

31.44 

4?.  16 

(3/7) 

22.01 

44,02 

66.03 

ET  and  SRB  Capacities.  Itie  ET  and  SRB  production  rates  are 
building  towards  24  per  year.  Their  production  facilities  are  designed 
to  allow  the  Implacement  of  the  additional  equipment  needed  to  bring 
their  production  rates  to  4o  per  year.  A  greater  effort  would  be 
required  to  Increase  the  production  rates  beyond  4o  per  year  (Refs  22 1 
23 I  and  24),  This  analytic  approach  assumes  that  the  ET  and  SRB 
production  rates  are  Increased  to  the  levels  needed  to  meet  the  desired 
latuich  rates. 


Launch  Enhancement  Plan 


Tables  II  through  XI  were  used  In  conjunction  with  the  network 
shown  In  Figure  3  to  develop  the  launch  enhancement  plan  shown  In 


T&^le  XII.  At  each  step  In  the  developnent  of  the  plan,  the  facility 
or  hardware  with  the  least  capacity  was  Identified  and  capacity  added 
to  It.  The  process  for  adding  capacity  was  to  add  work  shifts  before 
adding  facilities.  This  process  assumes  that  available  resources  will 
be  fully  utilised  before  additional  facilities  are  constructed.  The 
first  line  of  the  plan  gives  the  current  capacity  of  the  STS  at  KSC. 
Ihls  capacity  Is  based  on  the  completion  of  current  construction  plans 
and  Includes! 

1.  4  shuttle  Orblters  (one  of  which  Is  dedicated  to  VAPB), 

2.  2  OFF  bays, 

3.  2  VAB  High  Bays  (out  of  the  4  High  Bays  In  the  VAB), 

4.  1  PSF  bay  (this  facility  also  contains  two  storage  bays) , 

5.  2  ET  C/O  Cells  (positioned  In  two  of  the  VAB  High  Bays), 

6.  2  Launch  Pads,  and 

7.  3  MLPs  (assuming  the  third  available  MLP  Is  reconfigured  for 
STS  use). 

Ihe  configurations  and  capacities  of  each  of  these  facilities  and 
hardware  are  shown  in  the  columns  below  the  appropriate  headings  on 
Table  XII.  The  first  entry  In  each  cell  gives  the  units  needed  (bays, 
MLPs,  etc)  to  produce  the  associated  capacity.  The  second  entry  gives 
the  work  week  schedule  emplcyed  (If  appropriate)  and  the  lower  entry 
gives  the  capacity  of  that  configuration.  The  capacity  for  the  over> 
all  configuration  represented  by  a  row  in  the  Table  is  given  In  the 
left  hand  column.  This  overall  capacity  is  found  by  locating  the 
facility  cr  hardware  on  that  line  which  has  the  least  capacity.  The 
second  column  gives  the  corresponding  capacity  obtained  from  the 
simulation  approach.  To  use  the  plan,  locate  the  entry  in  the  left 
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hand  eoluan  which  eonasponds  to  the  desired  launch  rate,  and  read  off 
the  configuration  needed  from  the  other  columns  in  that  row. 

As  can  he  seen  hy  comparing  the  first  two  columns,  the  simulation 
results  closely  match  the  analytic  results.  The  sequencing  of  facility 
and  hardware  additions  are  about  the  same  and  the  corresponding  launch 
rates  axe  nearly  equal.  Therefore,  the  simulation  results  appear  to  be 
valid.  This  final  step  in  the  validations  process  greatly  increases  the 
confidence  with  which  the  more  accurate  simulation  method  and  results 
can  be  used.  However,  the  analytic  method  proved  to  be  more  accurate 
than  expected.  Therefore,  it  may  be  good  enough  to  use  in  those 
sitxiations  where  less  accuracy  is  acceptable.  At  any  rate,  the  analytic 
method  should  be  used  in  conjunction  with  the  simulation  method  when  the 
latter  method  is  chosen  to  insure  the  simulation  results  appear  valid. 
Since  two  of  the  four  VAB  High  Bays  are  used  for  ET  C/o  and 
storage,  an  increase  in  the  number  of  VAB  High  Bays  used  for  Shuttle 
Vehicle  assembly  will  cause  a  decrease  in  the  number  of  RT  c/O  Cells, 
nils  result  will  create  the  need  for  the  construction  of  a  separate 
ET  c/o  and  storage  facility. 
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Analytically  Derived  Launch  Enhancement 


See  last  page  of  table 


Analytically  Derived  Launch  Enhancement  P 


last  page  of  table  (page  3) 


Table  XII,  Analytically  Derived  Launch  Enhancement  Plan  (last  page) 
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VI.  Applleatlon  and  Analysis 

This  chapter  presents  the  applications  and  analyses  of  the  simul¬ 
ation  models  described  in  Chapter  III.  In  addition,  the  results  of  the 
sensitivity  analjrsls  conducted  on  the  mocels  is  presented.  The  first 
section  describes  the  results  of  the  sensitivity  analysis  conducted  on 
the  VAFB  model  and  the  final  results  obtained  from  the  model.  The 
methodology  used  to  incorporate  the  VAFB  results  into  the  KSG  model  is 
also  presented.  The  second  section  of  this  chapter  presents  the 
analysis  of  the  KSG  model.  This  section  includes  the  results  of  the 
various  sensitivity  analyses  conducted,  a  sample  analysis  of  the  output 
from  the  model  including  a  statistical  testing  of  the  results,  and  the 
final  results  obtained  fipm  the  analysis  of  the  KSG  simulation  model, 

VAFB  Model  Analysis 

Sensitivity  Analysis.  As  mentioned  in  Chapter  III,  little 
information  was  available  on  which  to  base  the  determination  of  the 
type  of  distribution  to  use  for  the  process  times  at  VAFP,  This 
situation  was  mainly  due  to  the  fact  that  no  actual  data  exists  to 
compare  the  times  to.  For  the  reasons  stated  in  Chapter  III,  the  normal 
distribution  was  selected  as  the  distribution  to  use  for  this  model. 
However,  two  other  possible  parametric  models  were  considered  and 
sensitivity  analysis  was  conducted  to  determine  how  the  use  of  the  other 
models  would  affect  the  outcome  of  the  study.  The  two  other  methods  for 
modeling  the  times  were,  one,  to  use  the  uniform  distribution,  and,  two, 
to  use  constant  times.  For  the  uniform  distribution  model,  the  allotted 
and  assessed  times  from  VSTAR  05  were  used  as  the  endpoints  of  the 
distribution.  If  the  allotted  and  assessed  times  were  identical,  a 
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constant  time  mas  used.  In  the  constant  time  model,  the  maximum  of  the 
allotted  or  assessed  times  was  used  as  the  time  for  the  activity.  In 
hoth  of  these  models,  the  distributions  and  the  times  for  ET  shipping 
and  Orblter  mission  were  the  same  as  those  in  the  normal  mode.  The 
results  from  these  models  is  presented  in  Table  XIII. 


Table  XIII.  Three  VAFB  Distribution  Models 


Model 

Mean  Time 

Between  Launches 

Standard 

Deviation 

Annual 

Launch 

Rate 

Normal 

32.3551 

0.1689 

11.281 

Uniform 

31.8657 

0.1374 

11.454 

Constant 

34.3691 

0.1171 

10.620 

These  results  were  tested  to  determine  if  there  wais  a  significant 
difference  between  the  launch  rates  obtained  from  the  three  models. 

Since  the  normal  model  was  the  model  selected  for  use.  the  other  two 
models  were  compared  to  the  results  of  this  model.  In  this  test,  the 
null  hypothesis  is  that  the  means  of  the  two  models  being  tested  cure 
eqtuil,  -while  the  alternative  hypothesis  is  that  the  means  are  not  equal. 
For  this  test,  the  assumption  is  made  that  the  means  are  normally 
distributed.  The  Central  Limit  Theorem  indicates  that  this  assumption 
is  valid  for  distribution  which  are  the  sum  of  many  Independant, 
identically  cilstributed  functions  (Ref  30),  This  is  the  case  here. 

The  test  statistics  and  the  methodology  for  applying  these  tests  is 
that  which  was  presented  in  Chapter  III. 

First,  the  equality  of  the  variances  was  determined.  The  statis¬ 
tic  that  the  test  statistic  was  compared  to  is  found  in  Equation  3  of 
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Chapter  III.  If  the  test  statistic  was  greater  than  this  value,  the 
variances  were  not  considered  equal.  If  the  test  statistic  was  less 
than  4.03,  the  variances  were  considered  equal.  For  the  normal  versus 
untfom  model,  the  test  statistic  was  ■  (0, 1689) V(0. 1374)^ 

■  1.51  •nd  thus  the  variances  of  these  two  models  were  considered 
to  he  equal.  For  the  normal  versus  constant  model,  the  test  statistic 
was  ■  (0,1689)^/(0.1171)^  "  2,03  and  the  variances  of  these 

two  models  were  also  considered  to  be  equal. 

Since  the  variances  are  equal  In  these  eases,  the  test  statistic  to 
use  to  test  the  equality  of  the  means  is  that  of  Equation  4  in  Chapter 
III,  This  test  statistic  requires  the  calculation  of  using 
Equation  5,  The  test  statistic  In  this  ease  Is  compared  to  the 
following  statistic t 

■^/a,  nj  +  ng  -  2  ^^9) 

If  the  absolute  value  of  the  test  statistic  is  greater  than  the 

statistic  calculated  using  Equation  39,  the  means  are  considered  to  not 

be  equal!  otherwise  they  are  considered  to  be  equal.  In  these  cases, 

the  value  tovm.  Is  0,05  wnd  *  ng  -  10  ,  and  thus  the  value  of 

the  statistic  In  Equation  39  !■  2.101  (Ref  301600).  For  the  normal 

versus  the  uniform  model,  the  value  for  Is  0,1532  and  t^  Is  7.145, 

Therefore,  there  Is  a  significant  difference  between  the  two  models. 

Por  the  normal  versus  the  constant  model,  S  Is  0.1430  and  t  Is 

P  o 

-31,4926,  Iherefore,  there  is  also  a  significant  difference  between 
these  two  models.  This  analysis  reveals  that  the  distribution  chosen 
does  Indeed  have  an  effect  on  the  outcome  of  the  model.  However,  the 
difference  In  launch  rates  (Table  XII)  Is  not  significant  from  a 


prmetieal  point  of  view.  Ihuo  the  selection  of  the  normal  dletrl- 
hutlon  Is  reasonable  and,  il  fact,  results  In  a  mean  launch  rate  that 
Is  nearly  midmay  betNeen  the  launch  rates  of  the  other  two  models. 

The  results  are  assumed  to  be  more  sensitive  to  the  times  used  In  the 
distribution  than  to  the  actual  distribution  chosen.  Therefore,  an 
significant  changes  in  the  projected  times  for  the  activities  modeled 
could  have  a  greater  affect  on  the  outcome. 

Model  Results.  The  VAFB  model  was  run  with  both  one  and  two 
Orblters  dedicated  to  the  facility,  nie  results  of  these  runs  are 
shown  In  Table  XIII. 


Table  XIII.  VAFB  Model  Results 


Number  of 

Orblten 

Mean  Time 
Between  Laxmches 
(days) 

Average  Annual 
Launch  Rate 
(launches/year) 

1 

32.3551 

11,281 

2 

19.4117 

18,797 

Various  sources  (Rofb  JltZJi  and  33(6)  indicate  that  the  average  number 
of  launches  out  of  VAFB  will  be  out  10  per  year.  Thus  with  the  assessed 
times  used  In  this  model,  the  expected  launch  rate  could  be  achieved 
with  only  one  arbiter,  while  the  maximum  rate  of  ZO  per  year  that  was 
forecast  In  the  Initial  studies  could  be  nearly  reached  with  two 
Orblters  dedicated  to  VAFB  use  (Ref  21tl), 

Since  the  expected  rate  of  launch  from  VAFB  Is  10  per  year,  It  was 
decided  that  this  value  should  be  used  as  the  annual  launch  rate  for 
VAFB  In  the  KSC  model.  It  was  decided  that  these  launches  should  be 
unlformally  distributed  throughout  the  year,  since  this  Is  the 
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assunptlon  made  for  the  VAPB  launches  in  VSTAR  05. 

The  distribution  used  In  the  KSC  model  for  the  processing  time  of 
the  Orblter  at  VAFB  was  determined  simply  by  using  the  results  of  the 
VAFB  model  directly.  In  addition,  it  was  decided  not  to  dedicate  an 
Orblter  to  VAFB  In  the  KSC  model  due  to  the  fact  that  this  would  result 
In  the  Orblter  remaining  Idle  at  VAFB  for  part  of  the  year  when  that 
Orblter  could  be  put  to  use  at  KSC.  Therefore,  the  KSC  model  allows 
any  of  the  Orblters  to  be  launched  from  VAFB,  However,  If  the  launch 
rate  at  VAFB  Increased  to  11  or  12  per  year.  It  would  be  necessary  to 
dedicate  at  least  one  Orblter  to  VAFB,  Additionally,  if  the  processing 
time  for  VAFB  Increases  any  great  amount,  then  an  Orblter  would  have 
to  be  dedicated  to  VAFB. 

KSC  Model  Analysis 

This  section  presents  the  analysis  of  the  KSC  simulation  model. 

First,  the  results  of  the  sensitivity  analysis  conducted  on  the  distri¬ 
butions,  length  of  each  run,  number  of  runs  to  determine  a  data  point, 
and  the  payload  mix  probabilities  are  presented.  These  results  are 
followed  by  a  sample  analysis  of  the  output  from  the  model  Including  the 
statistical  testing  of  the  results.  Finally,  the  results  of  the  analysis 
using  the  KSC  model  are  presented. 

Sensitivity  Analysis.  The  first  concern  of  this  analysis,  as 
mentioned  in  Chapter  III,  was  the  degree  to  which  the  optimistic  and 
peaslmlatlc  times  chosen  for  the  beta-FEBT  distribution  affected  the 
results.  To  analyse  this,  the  model  was  evaluated  under  four 
conditions,  with  the  endpoints  for  the  distribution  changed  each  time. 

For  the  first  case,  the  optimistic  time  was  taken  as  the  allotted  time 
and  the  pessimistic  time  was  set  so  as  to  make  the  distribution  symmetric 

S 
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wround  the  most  likely  time.  In  the  second  ease,  the  pessimistic  time 
was  reduced  so  that  the  distance  between  the  pessimistic  and  most  likely 
time  was  one  third  the  distance  between  the  optimistic  and  most  likely 
time.  The  third  case  returned  the  value  of  the  pessimistic  time  to  that 
it  originally  had  and  set  the  optimistic  time  so  that  it  was  one  third 
of  its  original  distance  away  from  the  most  likely  time.  Finally,  in 
the  last  case,  the  optimistic  and  pessimistic  times  were  both  moved  to 
the  one  third  points  used  in  the  preoeeding  two  runs.  All  runs  were 
3650  days  in  length  and  each  result  was  based  on  10  repetitions.  The 
results  of  these  runs  are  presented  in  Table  XIV. 


Table  XIV.  Distribution  Changes  Results 


Case  Number 

Days  Between 

Launches 

Standard 

Deviation 

Annual 

Launch 

Rate 

1 

28. 182? 

0. 5061 

12.951 

2 

25.7959 

0.1698 

14.146 

3 

29.8880 

0.4821 

12.212 

U 

27.0461 

0. 1592 

13.495 

For  the  test  of  the  variances,  the  test  statistic  used  is  in 
Equation  1  from  Chapter  III  and  this  statistic  is  compared  to  the  value 
given  in  Equation  3>  Tti  null  hypothesis  is  that  the  variances  are  equal 
while  the  alternate  hypothesis  is  that  they  are  not  equal.  The  results 
of  these  tests  are  presented  in  Table  XV. 


Table  XV,  Test  on  Distribution  Cases  Variances 


Cases 

Compared 

F 

0 

Results 

1  vs  2 

8.892 

CT ^  4  0"^ 

1  ^  ^2 

1  vs  3 

1.102 

.  (Tj 

1  vs  4 

10.123 

The  next  step  was  to  test  the  equality  of  the  means.  The  null 
hypothesis  is  that  the  means  are  equal,  while  the  alternate  hypothesis 
is  that  they  are  not  equal.  For  the  oases  where  the  variances  were  found 
to  be  unequal,  the  test  statistic  used  was  that  in  Equation  8  and  this 
statistic  was  compared  to  y  where  v  is  calculate  according  to 

Equation  9.  For  the  case  where  the  variances  are  considered  to  be  equal, 
the  test  statistic  is  that  from  Equation  4  with  calculated  as  in 
Equation  5»  This  is  compared  to  ^  +  ng  -2  *  results  of 

this  analysis  is  presented  in  Table  XVI. 


Talbe  XVI,  Tests  of  Distribution  Means 


Cases 

Compared 

*0 

Results 

1  vs  2 

14.2283 

“1  *  “2 

1  vs  3 

-7.716 

“l  *  “3 

1  vs  4 

6.776 

Uj  f  u^ 
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Therefore,  the  endpolnta  chosen  for  the  distribution  do  have  an 
affect  on  the  output  of  the  model  in  terns  of  time  between  launches. 


However,  the  calculated  launch  rates  are  not  drastically  different 
(Table  XIV),  Thus,  there  is  some  possible  error  due  to  the  endpoints 
chosen.  However,  by  using  the  endpoints  chosen  in  the  parametric  model, 
the  overall  model  allowed  for  both  unexpected  delays  and  tine  reductions 
In  activities.  This  fact,  along  with  the  reasons  cited  in  Chapter  III, 
resulted  in  the  choice  of  the  endpoints  in  ease  1  for  use  in  the  model. 
Next,  it  needed  to  be  determined  whether  or  not  the  length  of  the 
runs  (3650  days)  was  adequate  to  characterise  the  mean  time  between 
launches.  To  test  this  length,  the  model  was  run  for  both  3650  and 
7300  days.  The  results  of  these  runs  are  presented  in  Table  XVII, 


Table  XVII,  Run  Results 


Length  of  Run 

Time  Between 

Standard 

Launches 

Deviation 

3650  days 

28,1827 

0,5061 

1  7300  days 

1 

28,2833 

0,2598 

First,  the  equality  of  the  variances  was  checked  using  the 
formulas  in  Equations  1  and  3.  In  this  case,  -  3.794  which  is 
less  than  4,03  uid  thus  the  variances  are  considered  equal.  The  means 


are  compared  using  Equation  4  for  the  test  statistic  and  tg,^^  n  n  -2 

tot  the  eomparlson  statistic.  To  calculate  t^,  must  first  be  calcu¬ 
lated  using  Equation  5,  For  this  example,  0,38295  and 

•  -0,587  •  The  absolute  value  of  t  is  less  than  t^  ^25  jq 
2,101,  Therefore,  the  means  are  not  significantly  different  and  3850 
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days  Is  an  adequate  run  length  for  oharaeterislng  the  mean  time  hetween 
launches. 

The  next  area  that  required  testing  was  that  of  the  number  of  runs 
required  to  adequately  characterise  the  mean.  Por  this  analysis,  three 
different  values  for  the  number  of  runs  were  examlnedi  these  being  5 
runs,  10  runs,  and  50  runs.  Each  run  was  3650  days  in  length  as 
determined  before.  The  results  of  these  different  cases  are  presented 
In  Table  XVIII. 


Table  XVIII.  Number  of  Runs 


Number  of  Runs 

Time  Between 

Launches 

Standard 

Deviation 

5 

28. 1008 

0.5919 

10 

28.1827 

0.5061 

50 

28.2596 

O.M52 

The  varianoes  and  means  wen  tested  as  In  previous  analyses.  The  results 
are  presented  in  Tables  XIX  and  XX. 


Table  XIX.  Test  on  Run  Variances 


Runs  Oonpared 

P 

0 

Result 

10  vs  5 

1.368 

O',  ^  -  O'  2 

^10  ^5 

10  vs  50 

2.400 

10  ®^50 
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Table  XX.  Test  on  Run  Means 


Gases  Compared 

t 

o 

Result 

10  vs  5 

0,2800 

"10  "  "5 

10  vs  50 

-0.5155 

"lo  "  "50 

Therefore,  there  is  no  statistically  sl^^nif leant  difference 
between  5,  10,  and  50  runs  of  the  system.  They  all  characterise  the 
■ean  well.  Ten  runs  was  chosen  for  the  model  since  fewer  runs 
would  decrease  our  confidence  in  the  results,  and  more  runs  would 
have  Increased  the  computer  time  required  to  complete  a  simulation 
run. 

Finally,  the  probabilities  that  were  selected  to  determine  the 
type  of  payload  to  be  placed  in  the  Orbiter  were  examined  for  their 
affect  on  the  results.  There  are  two  places  in  the  model  where  the 
payload  typo  could  affect  the  turnaround  time.  They  are  the  OFF 
payload  activities  and  the  mission  flight  times.  In  the  OIF,  horisontal 
and  Space lab  payloads  (types  1  and  2)  require  more  processing  time 
then  do  the  vertlcle  payloads  (type  3)  which  are  loaded  at  the  pad. 

This  difference  is  expected  to  have  little  effect  though,  since 
regardless  of  the  payload  type,  the  same  maintenance  activities  are 
performed.  The  mission  duration,  however,  could  affect  turnaround. 

The  Space lab  mission  has  an  average  duration  of  12  days,  while  the 
other  missions  have  an  average  duration  of  only  4  days.  Therefore, 
significant  increases  in  the  number  of  Spacelab  missions  could 
inorease  the  turnaround  time  for  the  Orblters.  To  test  the 


sensitivity  of  the  model  to  the  paylosd  types  the  following  paylosd 
variations  were  tested  (Table  XXI ). 


Table  XXI,  Bayload  Types  and  Probabilities 


1 - 

Payload  Case 

1 

Payload  Type  1 

Probability 

Payload  Typo  2 

Probability 

Payload  Type  3 
Probability 

■ 

1 

0,172 

0,345 

0.483 

2 

0,1 

0,4 

0.5 

3 

0,2 

0,1 

0.7 

4 

0,3 

0,2 

0.5 

5  ’ 

0,5 

0.1 

0.4 

The  results  from  each  of  these  cases  is  presented  in  Table  XXII, 


Table  XXII,  Payload  Type  Tests 


Payload  Case 

Days  Between 

Launches 

Standard 

Deviation 

1 

28.1827 

0.5061 

2 

28.1101 

0.3559 

3 

28.2174 

0,2070 

4 

28.5976 

0,2476 

5 

28.5791 

0.2779 

These  results  were  tested  using  the  sane  methodology  given  In  the 
previous  analysis.  The  results  of  these  tests  are  contained  In  Tables 
XXni  and  XXIY. 
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Table  XXIII.  Test  of  Payload  Variances 


Payload  Case 

F 

o 

Results 

1  vs  2 

2.022 

1 

b 

1  vs  3 

5.978 

1  vs  4 

4.178 

1  vs  5 

3.317 

Table  XXIV,  Test  of  Payload  Means 


Payload  Case 

^o 

Results 

1  vs  2 

0.377 

'"l  "  ^*2 

1  vs  3 

-0.201 

“1  •  “3 

1  vs  4 

-2.329 

Ui  4  u^ 

1  vs  5 

-2,261 

“1  *  “5 

The  above  results  Indicate  that  as  the  percent  of  Gpacelab 
payloads  Increases,  the  greater  Is  the  effect  on  the  model  results. 
However,  no  effect  was  significant  until  the  Spaoelab  made  up  30 
percent  of  the  total  payloads,  A  review  of  the  current  flight 
manifest  indicates  that  the  probability  of  Spaoelab  use  being  this 
hl«h  is  low.  and  therefore  this  oonoern  Is  not  a  major  one  (Ref  9). 
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representative  of  the  calculations  used  throughout  the  analysis. 

The  flarst  step  Is  to  determine  the  launch  rate  that  the  current 
confl^ratlon  Is  capable  of  achieving.  This  Is  accomplished  by  using 
the  average  value  (column  headed  by  AVE.)  for  node  40,  LAUNCH,  This 
number  Is  the  average  time  between  launches,  which  in  this  case  is 
28.182?  days.  The  launch  rate  Is  found  by  dividing  this  number  into 
365  days  per  year.  This  calculation  yields  a  launch  rate  of  12.951 
launches  per  year. 

Once  the  launch  rate  has  been  calculated,  the  next  step  Is  to 
determine  the  f actor (s)  that  Is/are  limiting  the  launch  rate.  This 
job  Is  done  by  first  looking  at  the  Average  Resource  Utilization  and 
Availability  tables  of  the  output  (Figures  4  and  5).  These  tables 
Indicate  that  the  PSF,  VAR,  FT  Barge,  FT  checkout  cell,  CT  storage 
cell,  and  the  SRP  storage  are  all  in  nearly  constant  use.  The  fact 
that  the  SRB  storage  and  the  FT  storage  cells  aure  nearly  full  indicates 
that  the  functions  filling  these  cells  are  producing  above  the  level 
required  and  as  such  they  are  not  the  limiting  factors.  This  step 
eliminates  the  ET  production  and  the  PSF  from  consideration  as  limiting 
factors.  This  step  also  Indicated  that  the  VAB  may  be  a  limiting  factor. 

The  next  area  of  the  output  to  examine  is  the  queue  node  statis¬ 
tics.  The  data  In  the  queue  table  can  be  used  to  determine  where  items 
are  waiting  in  queues  and  the  length  of  time  that  they  are  required  to 
wait.  The  following  nodes  are  of  the  most  Interest  for  this  analysis 1 


84 


Jv 


AD-A124  706 

UNCLASSIFIED 


AN  ANALYSIS  OF  THE  SPACE  TRANSPORTATION  SYSTEM  LAUNCH 
RATE  CAPABILITY  UT-I..(U)  AIR  FORCE  INST  OF  TECH 
WRIGHT-PATTERSON  AFB  OH  SCHOOL  OF  ENGI . . 


J  G  ANDRUSYSZYN  ET  AL . 


F/G  9/2 


MICROCOPY  RESOLUTION  TEST  CHART 

NATlONAi.  BUREAU  OF  $TANDARDS-1963*A 


3001V  39»b3AV«« 


?lgux«  4,  Sample  Output  K 


1,  Node  2,  WAITOPF  -  Orblters  wait  in  this  node  for  an  OFF  bayi 

2,  Node  27,  ORBWAIT  -  Orblter  Malts  for  SRB/ET  assembly  after 
finishing  processing  in  the  OIV| 

3,  Node  78,  WAITORB  -  the  ET/SRB  assembly  waits  for  an  Orblter  to 
finish  OFF  processing! 

4,  Node  58,  WAITSTOR  -  SRB  set  waits  for  SRB  storage  cellt 

5,  Node  63,  WAITMLP  -  SRB  set  waits  in  storage  for  MLF/vAB  High 
Bay  to  become  available! 

6,  Node  68,  WAITSRB  -  the  MLF/Vab  waits  for  an  SRB  set! 

7,  Node  65,  WAITVAB  -  the  MLF  waits  for  a  VAB  High  Bay! 

8,  Node  72,  WAITET  -  the  stacked  SRB  waits  for  an  ET!  and 

9,  Node  94,  WAITSRB  -  the  ETT  waits  for  the  stacked  SRB  set. 

The  two  columns  of  primary  Interest  in  this  section  of  the  output 

are  the  average  number  in  the  queue  node  and  the  average  waiting  time  in 
the  queue.  Hie  average  waiting  tine  is  calculated  based  only  on  the 
transactions  that  actually  have  to  wait. 

The  best  method  of  analysis  of  the  queue  data  is  to  compare  the 
data  for  queue  nodes  that  proceed  an  assembly  operation.  As  a  starting 
point,  the  data  on  the  Orblter  waiting  to  be  mated  (node  27)  and  the 
data  on  the  ET/SRB  assembly  (node  78). are  compared.  The  Information 
in  the  output  indicates  that  there  is  a  larger  average  number  of  Orbiters 
waiting  (0,2632)  as  compared  with  the  average  number  of  SRB/ET  asaembllee 
(0.0829),  In  addition,  the  Orbiters  wait  longer  (7.4tl0  versus  2,3464 
days)  than  the  SRB/BT  assemblies.  These  results  indicate  that  neither 
the  OFF  nor  the  Orbiters  are  the  limiting  factor,  but  that  the  delay  is 
ooouxUng  prior  to  the  SRB/fT  mating  operation.  The  first  assembly  point 
prior  to  the  SRb/eT  mate  Indicated  that  the  SRB  is  not  waiting  for  fTs 
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(node  72).  The  ETs  on  the  other  hand  wait  in  storage  an  average  of 
55>6275  days  (node  9^).  This  tine  appears  excessive.  However,  it  is 
primarily  due  to  a  slight  over  production  of  ETs. 

The  next  point  where  components  wait  for  assembly  is  prior  to  the 
SRB  stacking.  The  queues  before  this  point  indicate  that  there  is  an 
average  of  1.8484  SRBs  waiting  (node  63)  while  the  HLP/VAB  never  have  to 
wait  for  an  SRB  set.  This  difference  indicates,  as  did  the  resource 
data,  that  the  PSF  is  processing  an  adequate  number  of  SR?s  and  it  is 
not  the  limiting  factor. 

The  analysis  so  far  has  narrowed  the  limiting  factor  down  to  either 
the  PLP  or  the  VAB.  The  data  for  queue  node  65  indicates  that  there  is 
an  average  of  0.1302  MLPs  waiting  an  average  of  3.6870  days  each  for  a 
VAB  bay  to  become  available.  This  leads  to  the  result  that  the  VABs  are 
the  limiting  factor.  This  fact  agrees  with  the  data  in  the  resource 
tables  discussed  previously.  Keeping  in  line  with  the  philosophy  stated 
in  Chapter  III,  shifts  are  added  to  the  VABs  before  a  new  VAB  High  Bay 
is  added.  At  this  point,  the  work  shifts  in  the  VAB  were  increased  from 
two  shifts  for  five  days  per  week  to  three  shifts  per  five  days  per  week. 
The  model  was  then  rerun  and  the  result  was  an  average  time  between 
launches  of  25.8320  days  and  a  launch  rate  of  14,129  launches  per  year. 

To  determine  if  this  is  a  statistically  significant  Increase  in  the 
launch  rate,  the  statistical  tests  described  in  Chapter  III  were 
acoonplished.  The  sample  calculations  for  these  tests  is  presented  in 
the  following  paragraphs. 

The  average  tliie  between  launches  for  the  first  run  was  28.1827  days 
and  the  standard  deviation  was  O.506I.  For  run  two,  the  average  tine 
between  launches  was  25.8320  days  and  the  standard  deviation  was 
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1 

0.206o  days.  The  first  step  was  to  test  the  equality  of  the  variances. 

was  found  to  he  6.036,  This  is  larger  than  the  comparison  statistic 
(4,03)  and  therefore  the  null  hypothesis  is  rejected  and  the  variances 
are  assumed  to  he  not  equal. 

Next,  the  null  hypothesis  of  u^  •  Ug  was  tested  against  the 
alternate  hypothesis  that  .  The  test  statistic  in  this  case 

was  found  to  he  13.598.  The  comparison  statistic  is  t_  where 

V 

V  ■  12,548  ,  Therefore,  the  value  of  the  comparison  statistic  is 
1.771  (Ref  30i596)  at  0l  -  0,05  .  Since  t^  is  greater  than  the 
comparison  statistic,  the  null  hypothesis  is  rejected  and  the  time 
between  launches  for  the  first  run  is  assumed  to  he  greater  than  that 
of  the  second  run.  This  leads  to  the  conclusion  that  the  launch  rate  of 
the  second  run  is  greater  than  that  of  the  first  run. 

At  this  point,  the  output  of  the  second  run  was  analyzed  to  deter- 
aine  the  limiting  factor.  This  process  was  continued  until  the  desired 
launch  rate  was  achieved.  The  results  are  presented  in  Table  XXV. 

The  results  in  this  table  show  the  facility  additions  that  this  study 
recommends  and  the  order  in  which  they  should  he  added  to  efficiently 
increase  the  launch  rate.  There  were  some  instances  where  the  analysis 
of  the  output  indicated  that  there  were  two  or  more  limiting  factors 
oeeurring  at  the  same  time.  In  these  eases,  each  of  the  limiting 
factors  were  increased  individually  to  determine  which  factor  Increase 
would  result  in  the  greatest  increase  in  launch  rate.  A  table  presentir^ 
all  of  the  configurations  examined  can  he  found  in  Appendix  A. 
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T»VLe  XXV.  StMilailon  Oerlvad  Lauaeh  Snhanoeimnt  Plan 
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*•  Tha  addition  of  the  third  High  Baj  for  vehiole  aeseably  reduoea  the 
number  of  ET  C/O  Oella  in  the  TAB  to  one.  Ae  thie  aingle  oell  oan 
not  handle  the  launch  rate,  a  eeparate,  two  oell  ST  c/O  and  etorege 
facility  will  hare  to  be  built. 

See  the  next  pege  for  additional  ooaaente  on  thla  plan. 
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Additional  oonnents  on  the  Enhanoenent  Plant 

1.  The  PSP  has  two  storage  baja  In  addtion  to  the  single  proeeesii^ 
bay.  The  addition  of  a  second  PSP  is  required  when  the  launch 
rate  reaches  30.06  laanohss  per  year.  This  second  facility  was 
run  with  a  single  piooessing  bay  and  three  storage  bays.  The 
total  of  the  two  PSP  facilities  is  then  two  processing  bays 

and  five  storage  bays. 

2.  BT  and  SRB  production  rates  axe  assuned  to  natch  the  annual 
launch  rate.  This  annual  launch  rate  includes  the  rate  for 
KSC  and  that  for  VAFB  (assuned  to  be  10  per  year).  Therefore, 
it  should  be  increased  to  4o  per  year  when  KSC  reaches  14  per 
year,  and  to  6o  per  year  when  KSC  reaches  30  launches  per  year. 

3.  The  slnulation  results  showed  that  a  single  crawler  (of  the  two 
available)  was  suffioient  to  handle  all  the  launch  rates 
exaained.  In  addition,  four  barges  able  to  handle  a  single  ET 
each  were  found  to  be  able  to  handle  all  of  the  launch  rates 
examined.  The  model  assumed  that  there  was  an  additional,  four 
BT  bazge  available  to  transport  ETs  to  VAPB. 

4.  The  model  also  assumed  that  there  were  as  many  ET  storage  cells 
as  there  were  c/O  cells. 
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VII,  Oonclttslons 


The  Space  Traneportatlon  Syetea  is  being  developed  to  launch 
lUSd,  DoD,  and  emunerolal  payloada.  National  policy  dizeete  NASA  and 
DoD  to  uae  the  STS  as  their  primary  means  for  launching  payloads  into 
earth  orbit.  Consequently,  most  DoD  payloads  will  be  launched  by  the 
STS,  and  DoD's  share  of  STS  flights  will  rise  to  501!  after  1968, 
SdiedtQed  DoD  payloads  include  missile  warning,  surveillance,  communi- 
oation,  navigational,  and  meterological  satellites  (Refs  Ij  and  2), 
Future  payloads  may  include  space  based  defensive  weapon  systems 
(Refs  3il5l  ^iM), 

Unfortunately,  STS  launch  capacity  is  already  saturated,  and  the 
flight  hardware  procurement  and  launch  processing  facility  construction 
nseded  to  inorease  the  system  launch  rate  are  not  contained  in  current 
funding  plans  (Refs  5i20|  and  6i 16-17),  Those  funds  which  may  later 
beoome  available  must  be  wisely  spent  to  insure  that  the  launch  rate  is 
inoreased  to  the  level  needed  to  meet  critical  national  defense  needs. 
Therefore,  they  must  be  spent  on  those  portions  of  the  system  which 
contrilute  greatest  to  increasing  the  system  launch  rate. 

The  purpose  of  this  thesis  effort  was  to  develop  a  plan  for 
inoreasing  the  STS  launch  rate.  The  problem  was  to  develop  a  method 
to  aoourately  predict  STS  launch  rate  capability  given  various  facility 
oonfigurations  and  flight  hardware  levels.  Two  suoh  methods  were 
developed!  one  i^res  an  analytio  approaoh,  while  the  other  usee  a 
simulatidn  appiroaoh.  The  analytio  approaoh  in  Chapter  V  turned  out 
to  be  suziorlsingly  useful ,  However,  it  does  not  aoourately  reflect 
the  ooaplex  interaotionB  which  ooour  as  flight  hardware  progresses 
through  the  laun^  prooessing  faoilitiea,  ihe  simulation  approaoh 
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ttsss  Q-GBRT  Bodeling  teehnlquas  to  properly  reflect  the  flow  of  flight 
hardware  through  the  various  facilities,  and  the  complex  Interactions 
which  result.  Both  methods  properly  Identified  the  bottlenecks  In  the 
STS  and  were  used  to  develop  plans  for  sequentially  adding  capacity  at 
bottlenecks  In  order  to  efficiently  Increase  the  system  launch  rate. 
These  plans  axe  based  on  the  assumption  that  work  shifts  will  be 
adddd  at  the  processing  facilities  before  the  facilities  axe  expanded 
or  additional  flight  hardware  Is  procured. 

The  times  It  takes  to  complete  the  various  processing  activities 
were  obtained  from  the  Space  Shuttle  Turnaround  Analysis  Report 
(STAR  23)  (Ref  12).  Only  five  STS  launches  have  taken  place  to  date, 
and  the  processing  activities  are  still  high  on  their  learning  curves. 
Oonsequently,  the  available  samples  of  activity  times  are  not  adequate 
for  use  In  determining  their  ultimate  statistical  distributions. 
Therefore,  the  assessed  activity  times  given  In  the  STAR  axe  the  best 
available  estimates  of  the  times  to  be  achieved  once  the  system  matures. 
These  times  were  used  as  the  average  activity  times  in  the  analytic 
approach  and  as  the  most  likely  times  for  the  distributions  used  in 
the  simulation  approach. 

Analytic  v8  Simulation 

The  analytic  method  Is  based  on  a  simple  netwoi^  flow  diagram 
which  reflects  the  capacities  of  the  ma^r  facilities  and  hardware  In 
the  STS.  TtM  Q-GERT  simulation  approach  breaks  down  the  STS  Into  the 
aetivltlea  which  take  place  within  each  of  the  facilities.  Statistical 
distsributleaawere  developed  for  these  aotlvltles  and  used  by  the 
Q-<aRir  ooapnter  routines  to  simulate  the  operation  of  the  real  system. 
The  Q-GIRT  structure  developed  takas  Into  account  the  blockages  which 
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can  ooeur  as  a  result  of  the  Halted  capacities  of  the  various  facili¬ 
ties.  The  Ruaher  of  sladatlon  runs  to  aake  for  each  systea  eonflg- 
uxatlOR,  and  the  length  of  each  of  these  runs  were  set  at  the  levels 
needed  to  accurately  estlaate  the  aean  pacedloted  launch  rate  and  to 
adequately  oharacterlse  Its  dlstrlbitlon.  The  design  of  the  slaulatlon 
asthod  and  Its  application  are  presented  in  Chapters  HI  and  YI.  while 
the  verlfloatlon  and  validation  of  this  aethod  are  presented  In  Chap¬ 
ters  IT  and  V.  The  analytic  aethod  presented  In  Chapter  V  was 
developed  for  use  In  validating  the  results  of  the  simulation  method. 

The  analytic  results  were  ooapared  to  the  simulation  results  to  Insure 
that  the  latter  have  the  appearanoe  of  validity.  The  closeness  to  which 
the  results  of  the  two  aetnods  aatoh  greatly  Inoreases  the  confldenoe 
with  which  the  slaulatlon  method  and  tiie  launch  enhanoeaent  plan  can 
he  used,  as  more  STS  launtdws  take  place,  and  as  more  accurate  esti¬ 
mates  of  STS  activity  tines  heooae  avallahle.  the  two  methods  can  he 
used  to  update  the  launch  enhancement  plan  presented  in  Table  XXV. 

Por  many  puproses.  the  analytic  method  may  adequately  predict  the 
system  launch  rate.  It  offers  some  advantages  over  the  simulation 
method,  for  It  can  be  relatively  quickly  done,  and  It  does  not  require  a 
knowledge  of  Q’^miT  techniques,  acoess  to  a  Q-GBRT  simulation  package, 
or  the  use  of  ooaputer  resources.  By  ooaparlng  the  analytic  and 
simulation  plans  presented  In  Tables  XIl  and  XXV.  It  oan  be  seen  that 
the  analytic  aethod  consistently  overstates  STS  launch  rate  capability 
by  up  to  three  launohes  per  year.  The  simulation  method  should  be 
used  when  this  degree  of  error  Is  oonsldered  significant.  In  the  latter, 
ease,  the  analytic  method  Is  still  useful,  for  It  oan  be  used  to  help 
validate  the  slanlatlon  results,  and  to  provide  a  guide  to  use  In 
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choosing  ths  fscillty/hazdwsxe  configurotlons  to  test  with  the 
slsRilatlon  Method. 

In  sunmary,  both  the  analytic  and  the  slmtlatlon  methods  are  use¬ 
ful  ways  to  predict  STS  launch  rate  capability.  The  predicted  capa¬ 
bilities  for  various  system  configurations  and  hardware  levels  can 
then  be  used  to  develop  a  launch  enhancement  plan  which  would  apply 
soaroe  funds  to  those  portions  of  the  system  which  contribute  greatest 
to  Increasing  the  system  launch  rate.  The  simulation  method  Is  more 
accurate  than  the  analytic  method,  but  It  takes  more  time,  knowledge, 
and  Material  resources  to  do.  Therefore,  the  degree  of  accuracy 
desired  win  dictate  which  method  to  use. 

Launch  gnhancement  Plan 

The  results  of  the  analytic  and  simulation  methods  are  presented 
In  the  launch  enhancement  plan  shown  In  Table  XXV.  This  plan  applies 
to  ths  facilities  at  KSC.  Although  the  simulation  method  was  used  to 
determine  the  launch  rate  capability  of  VAFB.  no  plan  was  developed  to 
Increase  the  TAPS  launch  rate.  All  SRB/ET  stacking.  Orblter  mating, 
and  payload  operations  are  done  on  the  launch  pad  at  VAFB.  Therefore, 
any  plans  to  Increase  that  site's  capability  would  have  to  Include 
duplication  of  most  of  the  VAFB  facilities. 

The  analytic  and  slnulatlon  methods  both  produced  nearly  the 
saae  sequence  of  facility  configurations  and  hardware  levels.  In 
addition,  the  system  launch  rate  capabilities  predicted  by  the  two 
methods  closely  matched.  Sines  the  slnulatlon  resxilts  were  more 
aocurats  than  the  analytic  results,  ths  launch  enhancement  plan  shown 
In  Table  XXV  Is  the  one  we  recommend  for  use.  However,  the  slnulatlon 
method  did  not  directly  provide  the  capacity  of  each  of  the  facilities 
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and  haxdwazn  Items  at  each  step  In  the  sequence.  If  these  Individual 
capacities  aze  of  interest,  their  analytic  estimates  are  shown  in 
Table  XII,  To  use  either  plan,  look  for  the  desired  launch  rate  in  the 
left  hand  ooltunn.  The  facility  configurations  and  hardware  levels 
listed  to  the  ri^ht  of  that  number  are  the  ones  required  to  meet 
that  launch  rate.  The  numbers  within  each  block  give  the  number  of 
units  needed  and,  if  appropriate,  the  work  week  schedule  required. 

It  should  be  noted  that  'Uie  listed  launch  rates  do  not  take  into 
account  work  interruptions  caused  by  holidays  or  accidents.  Users 
may  consider  adding  additional  launch  rate  capacity  to  allow  for  these 
interruptions.  Also,  it  should  be  cautioned  that  the  data  this  plan  is 
based  on  la  undergoing  periodic  revision.  Consequently,  the  plan  pre¬ 
sented  may  quickly  become  outdated.  Therefore,  the  methods  presented 
in  this  thesis  should  be  used  on  the  new  data  provided  in  future  STARS 
to  produce  updated  versions  of  the  plan.  Finally,  it  is  left  to  DoD 
and  NASA  management  to  balance  the  costs  associated  with  achieving  a 
particular  launch  rate  against  the  value  of  the  payloads  and  budgetary 
constraints. 


VIII.  Recomnendations 


We  have  the  following  xecene^-datlonB  for  follow  on  efforts  to 

make. 

Sventually,  sufficient  actual  launch  processing  data  will  he 
accrued  to  permit  accurate  fits  of  prohahlllty  dlstrlhutlons  to.  We 
recoimend  that  the  thesis  effort  he  repeated  using  these  dlstrlhutlons 
In  place  of  the  hsta-F6RT  distributions  assumed  this  time  around.  If 
the  analytic  method  Is  also  used  on  this  actual  data,  care  must  he 
taken  to  Insure  that  the  analjrtlc  capacities  are  calculated  using  the 
mean  activity  tines  and  not  their  most  likely. values.  It  may  also  he 
useful  to  periodically  repeat  this  effort  using  the  estimated  times 
given  In  new  STARS  until  the  actual  times  are  readily  available. 

Finally,  no  allowances  were  made  for  Interruptions  caused  by 
accidents.  We  recommend  that  a  study  he  done  to  determine  the  proper 
allowance  to  make.  The  study  could  he  based  on  the  actual  STS  acci¬ 
dent  rate  once  the  system  matures,  or,  until  then,  on  similar 
experiences  with  other  systems.  The  determined  allowance  could  he 
Included  as  a  figure  to  add  to  the  desired  launch  rate,  or  It  could 
he  Included  prohahlllstically  In  the  analytic  and  simulation  methods 
themselves. 

If  carried  out,  these  recommendations  will  Insure  that  the  launch 
enhancement  plan  Is  kept  up  to  date,  and  that  proper  allowance  will  he 
made  for  capacity  reductions  caused  by  accidents. 
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Appendix  A 


KSC  ft-GERT  Model  and  Results 

This  appendix  contains  the  KSC  Q-GBRT  simulation  model  used  In 
this  thesis.  The  graphical  model  is  presented  In  Figure  6  and  is 
followed  hy  the  listli^  of  the  computer  program  used  in  the  analysis 
and  the  parameters  used  In  the  model  (Tables  XXVI,  XXVn,  and  XXVIII). 
Finally,  the  full  set  of  results  is  presented  In  Table  XXIV. 
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Figure  6,  K3C  Q-GEHT  Graphical  Model  (Page  1  of  7) 


Iraphical  Model  (Page  2  of  7) 


Figure  6,  KSG  Q^E!?T  Gnphlc&l  Kodel  (Page  4  of  7) 
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Q-GEHT  Graphical  Model  (Page  7  of  7) 


THIS  PSOCRAM  IS  THE  0*GE*T  COPE  POR  K  SIMULATIOM  MOPRL  THAT 
DEPICTS  THE  FLOW  OF  THE  SPACE  TR AMSPORTATION  STSTEH  (STS) 

AT  THE  KFSNEnY  SPACF  CENTER  (KSC).  THIS  MOOF.L  IS  USED  TO 
PREOICT  TIIF  LAUNCH  RATE  CAPARILITY  OF  THE  STS.  THE  CODE 
CAN  RF  CI^ANCP.n  TO  MODEL  VARIOUS  CONFIGURATIONS  OF  THE  FAC* 
TLITIFS,  IIAROWARE,  AND  WORE  SCMEOULES  TO  OETFRMINE  HOW  EACH 
configuration  effects  the  launch  rate.  specific  METHODS  OF 
ALTERING  THE  MODEL  ARE  DESCRIBED  IN  COMMENTS  FURTHER  ON  IN 
THIS  PROGRAM.  THE  RESOURCES  THAT  ARE  READILY  AVAILIBLE  FOR 
ALTERATION  ARE: 

1.  NUMBER  OF  ORBITERS; 

2.  NUMBER  OF  ORBITER  PROCESSING  FACILITIES  (OPF); 

3.  NUMBER  OF  CRAWLERS  (TO  TRANSPORT  STS  TO  PAD); 

4.  NUMBER  OF  PADS; 

3.  NUMBER  OF  VEHICLE  ASSEMBLY  BUILDING  (VAB)  RAYS; 
ft.  NUMBER  OF  MOBILE  LAUNCH  PADS  (MLP); 

7.  NUMBER  OF  SOLID  ROCKET  BOOSTER  (SRB)  PROCESSING 
AND  STORAGE  FACILITIES  (PSF); 

B.  NUMBER  OF  SRB  STORAGE  BAYS; 

V.  NUMBER  OF  EXTERNAL  TANKS  (ET)  PRODUCED  PER  YEAR; 

10.  NMIMBER  OF  ET  BARGES  (TO  SHIP  FT  TO  KSC); 

U.  NUMBER  OF  ET  CHECKOUT  CELLS; 

12.  NUMBER  OP  FT  STORAGE  CELLS;  AND 

13.  Nl'MBER  OF  WORK  SHIFTS  PER  WEEK. 

NOTE:  THIS  MODEL  ASSUMES  THAT  THE  SRB  REFURBISIWENT  AND 

PRODtJCTION  RATE  CAN  BE  SCHEDULED  AND  BALANCED  TO 
BE  ABLE  TO  PROVIDE  THE  NUMBER  OF  SRB  PAIRS  RFOUIRED 
TO  MEFT  THE  LAUNCH  RATE.  THE  MODEL  DOES  HOWEVER 
CONSIDER  THE  AFT  BUILD  UP  OF  THE  SRB. 

THIS  PROGRAM  PROVIDES  AS  OUTPUT  A  SUMMARY  OK  ALL  OF  THE 
RUNS  OF  THE  SYSTEM.  THE  SUMMARY  INCLUDES  TUF.  FOLLOWING: 

1.  A  LISTING  OF  THE  STATISTICS  COLLECTED  AT  EACH 
DESIGNATED  NODE  TO  INCLUDE; 

A.  THE  AVERAGE  TIME  BETWEEN  LAUNCHES  (IN  DAYS, 
NODE  AO  LAUNCH); 

R.  THE  STANDARD  DEVIATION  OF  THE  AVERAGE; 

C.  THE  AVERAGE  OF  THE  STANDARD  DEVIATION;  AND 

D.  THE  NUMBER  OP  RUNS  OF  THE  MODEL; 

2.  A  LISTING  OF  DATA  ON  THE  QUEUE  NODES  TO  INCLUDE: 

A.  NODE  HUMBPP  AND  LABEL; 

B.  AVERAGE  NUMBER  IN  THE  QUEUE  NODE  WITH 
STANDARD  DEVIATION;  AND 

C.  AVERAGE  WAITING  TIME  IN  THE  QUEUE  WITH 
STANDARD  DEVIATION;  AND 

3.  A  LISTING  OF  RESOURCE  AVAILIBILITY  AMD  UTIL* 
lEATTON. 

TUF  NODE  AO  STATISTICS  CAN  BE  USED  TO  DETERMINE  THE  LAUNCH 
RATE  CAPABILITIES  BY  OEVIOING  THE  NUMBER  OP  DAYS  IN  A  YEAR 
(3A5)  BY  THE  AVERAGE  NUMBER  OF  DAYS  BETWEEN  LAUNCHES.  THIS 
GIVES  A  RESULT  IN  LAUNCHES  PER  YEAR.  THE  OUEUE  NODE  AND 
RESOURCE  DATA  CAN  BE  USED  TO  DETERMINE  WHAT  PORTIOH(S)  OP 
THE  SYSTEM  TS/ARE  LIMITING  THE  LAUNCH  RATE. 


FIINCTTON  UK  (1F»I) 


* 


*  Tl'TS  ir,  \  niNCTioN  PROvinrn  for  by  o-tfiit  that  Ai.Loivf;  tmf 

*  !1SFI‘  TO  maKI:  noniFTCATTOKB  to  transactions  and  ACTIVITIFS. 

*  FIINCTION  I'F  IS  CALLFD  AT  NOOPS  SPKCIFTKT)  I’.Y  TIIK  PROCRAMRH 

*  \.'1T"  Tt'F  A'’f;iI''FNT  IFN.  T|iF  VALl’F  OF  TFN  PFTPPMINFS  WI'TC!'  OF 

*  Till*  VARFOI’S  IF-TI'FN  BLOCKS  IS  TO  BF  rXKCHTro.  VALUFS 

*  Al’P  PFTIMJMKI'  IN  OF.  TMF  OVAR  COMMON  K.LOC«'  IS  RF.OMIRpn  BY 

*  O-CK.PT.  FOR  A  OFTATI.F.n  np.SCBTBTTON  OK  TMF.  VARH’LF.S  IN  TMTS 

*  COMMON  SPK  “nonriTNC.  ano  anai.ysis  using  o*gf,rt  nf.tworks," 

*  BY  A.  ALAN  H.  PRITSKFP,  PACKS  243*248.  TMF  IJCOM  COMMON 

*  BLOCK  VA'ilBLKS  ARK: 

* 

*  1.  TTANK*TMK  TIMK  AFTKR  WHICH  TMF  NF.XT  KXTERNAL  TANK 

*  '•111  ST  BK  SENT  TO  VAFB, 

*  2.  TLANn*Tt*K  TIMK  AFTER  WHICH  THK  NF.XT  ORBTTFR  MUST 

*  LAND  AT  VAFB,  ANO 

*  1.  TINM2-TMF  GREATEST  END  TIME  FOR  SRH  STACKING. 

* 

*  TI'KSF  VARISLFS  WILL  BE  FURTHER  DESCRIBED  WHEN  THEY  ARE  USED. 


CO'tMON  /OVAR/  NDE.NFTBUCIOO)  ,NRFL(100)  ,N'n-I.P(lOO)  , 

1  MR  FL2 ( ton) ,NRMN,NRUNS,NTC( 1 00) ,PARAM( I  00 ,4 )  ,TB  EG ,TNOW 
COMMON  /UCOM/  TTANK ,TLAND,TEND2 


*  CP  IS  THK  rULMTLATTVF  PROBABILITY  OF  TUE  VARIOUS  TYPES  OK 

*  PAYLOADS  associated  WITH  THE  NUMBERS  IN  VAL.  THE  DIFFERENT 


*  TYPES  OF  PAYLOADS  AND  THEIR  INDIVIDUAT,  AND  CULMULATIVE 


* 

* 

PPOBABILITIFS 

ARE: 

* 

PAYLOAD  NO 

TYPE 

PR  OB 

CUL  PR  OB 

* 

1 

SPACEI.AB 

.172 

.172 

* 

•j 

UOR  I7.0NAL 

.345 

.517 

* 

3 

VERTICLE 

.483 

1  .ono 

* 


*  A  U0RI7.0NAL  PAYI.OAD  IS  ONE  THAT  IS  LOADED  IN  THE  OPE. 


*  A  PERTICLF  PAYLOAD  IS  ONE  THAT  IS  LOADED  AT  THE  LAUNCH  PAD. 

*  TMESF  TWO  VARIABLES  (CP  AND  VAL)  ARP  USED  TO  DETERMINE 

*  THE  NEKT  payload  THAT  THE  ORbITER  WILL  CAPRY. 


REAL  GP(3)  ,  VAL(3) 

data  CP/.172, .S17  ,1.0/,  VAL/1 .0,2. 0,3.0/ 
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Tins  r.LOCf  TS  CM.LF.n  at  NOnr  ONR  ANO  TT  RRTI'RNS  to  attri* 

ACITR  ONK  Tl»r  NI'f’RER  OF  MTRKION'S  THAT  EACM  OR8ITRR  HAS  AT  THR 
START  OR  THR  SIMULATION  RHM.  OATRB(2)  CRTS  THR  VALt'R  OF 
ATTSIRDTR  TVO  WHICH  TS  THE  ORBlTRR  NHMRRR  AND  USES  THIS 
VALUE  TO  PRTRKMIKF  THF  NUMBER  OF  PREVIOUS  MISSIONS  FOR  THE 
ORBITER.  AS  AN  EXAMPLE,  IF  ATTRIBUTF  TWO  ROUALS  ONE  (THE 
FIRST  ORETTFR)  THEN  ATTRIBUTE  ONE  (NUMBER  OF  MISSIONS)  IS 
SET  TO  ?l.  THIS  TS  HONE  AT  THE  BECINNINr.  OF  THE  EACH  RUN. 

*************************************************************** 

IF  (IFN.FQ.l)  THEN 

IF  (CATRn(2).EQ.l.O)  THEN 
UK  -  21.0 

El.SE  IF  (GATRB(2).E0.2.0)  THEN 
UR  -  Ifl.O 
ELSE 

UK  -  9.0 

KNO  IF 
FNO  IF 

************************************************************** 

THIS  RLOCE  TS  CALLED  AT  NODE  45  AND  IS  USED  TO  MOVE  THR  * 
value  of  the  last  ORBITER  PAYLOAD  (UP  PAYI.OAD)  IN  ATTRI*  * 
nUTF  4  TO  ATTRIBUTE  3  WHICH  IS  THR  DOWN  PAYLOAD.  * 

************************************************************** 


IF  (IRN.E0.3)  THEN 
UR  -  CATRB(4) 

END  IF 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


THIS  SI, OCR  IS  CALLED  FROM  NODE  4  AND  IS  USED  TO  DETERMINE 
THE  NEXT  PAYLOAD  (UP  PAYLOAD)  FOR  THF  ORBITER.  THF  PAY‘ 


LOAD  IS  SELECTED  USING  THE  DPROB  FUNCTION  AND  THE  VARIABLES 
CF  AND  VAL.  THE  ARGUMENTS  FOR  THR  FUNCTION  ARE  CP  (THE 
CULMULATIVF  PROBABILITY  FOR  EACH  CHOICE),  VAL  (THE  VALUE 
OF  EACH  FOSSIRLF  CHOICE),  THF  NUMBER  OF  POSSIBLE  CHOICES, 
AND  THF  NUMBER  OF  THF  PANDOM  NUMBER  STRING  TO  RE  USED. 

THE  RANDOM  NUMBER  STRING  IS  INTRINSIC  TO  0»GERT.  DPROB 
USES  A  MONTE  CARLO  SELECTION  TECHNTOUE  TO  SELECT  THE  PROB* 
ABILITY  AND  THUS  THR  VALUE  OF  THE  CHOICE.  DPROB  RETURNS 


ONE  OF  THE  3  POSSIBLE  VALUES  IN  VALUE  TO  UF .  THIS  VALUE 
IS  THEN  PLACED  IN  ATTRIBUTE  4  (UP  PAYLOAD). 


IP  (IFN.F0.4)  THEN 

UF  -  DPRnB(CP,VAL,3,2) 
END  IF 
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*  THIS  PLOCK  IS  CALLFO  FROM  KOOF.  13  AND  nFTF.RMlKFS  THF  TYPE 

*  OF  SSMF  PKRloniC  StONIFICANT  SPECIAL  TASK  THAT  MUST  BF 

*  PERFORMKO  (IF  ANY).  THE  TYPE  OF  PSST  THAT  IS  HONE  OF* 

*  PENOS  ON  THF  NUMBER  OF  MISSIONS  THAT  THE  ORBITER  HAS  BEEN 

*  ON.  THE  NUMBER  OF  MISSIONS  OF  THE  ORBITFR  IS  MAINTAINED 

*  IS  ATTPTRIITE  1  AND  IS  RETRIEVED  USING  THF  GATRB  FUNCTION. 

*  THIS  F'HMBFR  IS  THEN  COMPARED  AGAIST  THE  PSST  REOUIREMENTS 

*  TO  PF.TFSMTNF  WHICH  TASKS  ARE  PEOUIRFD.  IF  TWO  PSSTS  ARF 

*  WFOHIPFn  THE  ONE  WITH  THE  LONGEST  REOUTRFP  TIME  IS  DONE. 

*  THF.  PSSTS  AND  THF  FLIGHTS  ON  WHICH  THEY  ARE  ROHIRED  ARE: 

*  1.  inCH  PRESSURE  FUEL  TURBO  PUMP  INSPECT;  EVERY  2  FLIGHTS 

*  2.  HIGH  PPF.SSURF  OXTDIK.FR  TURBO  PUMP:  EVERY  5  FLIGHTS 

*  3.  ENGINE  REMOVAL  AND  R  El  NSTAl.LATI  ON :  EVERY  S  FLIGHTS 

*  AS  AN  FVAMPLE  IF  THF  NUMBER  OF  MISSIONS  IS  A  MULTIPLE  OF 

*  2  THEN  UF  IS  SET  EQUAL  TO  1  AND  THIS  IN  TURN  SETS  ATTRIBUTE 

*  S  TO  1.  THE  TRANSACTION  THEN  BRANCHES  ON  A/TRIBUTE  5  AND 

*  SCHEDULES  THE  TASK  REQUIRED  EACH  TWO  ELICHTS. 


IF  (TEN.EO.5)  then 
ATI  -  GATRBd) 

IF  (ATI. EQ. 0.0)  THEN 
HE  -  A.O 

ELSE  IE  ( AMOO(AT1 ,2.0).FO.n.O)  THEN 
UF  -  1.0 

ELSE  IF  (AMOn(ATl ,5.0).EO.O.O)  THEN 
UF  -  2.0 

ELSE  IF  ( AMOD(ATl ,9.0) .EO.0.0)  THEN 
HF  -  3.0 
ELS  F 

UF  -  4.0 

END  IF 
END  IF 


THIS  BLOCK  IS  CALLED  FROM  NODE  19  AND  DETERMINES  THE  TYPE 
OF  ORBITER  PSST  THAT  MUST  BE  PREFORMED  (IF  ANY).  THE 
METHOD  OF  SELECTION  IS  THE  SAME  AS  IN  THE  ABOVE  BLOCK. 

THE  PSSTS  AND  THE  FLIGHTS  ON  WHICH  THEY  ARE  REOHIRED  ARE; 

1.  PAYLOAD  BAY  THERMAL  CTL  SYS  REPLACEMENT:  EVERY  40  FLTS 

2.  PARTIAL  PLB  THERMAL  CTL  SYS  REPLACEMENT:  EVERY  33  FLTS 

3.  FUEL  CFLL  REMOVAL  AND  REPLACEMENT:  EVERY  12  FLTST 

4.  APU  REPLACEMENT:  EVERY  13  FLTS 
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TF  (TFN’.F'J.fe)  THKN 

^Tl  -  f;^TRB(  1  ) 

IF  (\Tl.ro.O.O)  TUFN 

hf  »  s.o 

FI, SI  IK  (  AMnD(  ATI  ,40.0)  .  FO. 0.0)  TMFN 

ur  -  i.o 

nSK  IF  (  AMOn(  ATI  ,11.0)  .  FO.O.O)  TIIFN’ 

1 1 F  -  2.0 

FI.SF  IF  (AHnn(ATl  ,12.0). FQ. 0.0)  TIIFV 
IIF  -  3.0 

ELSF  IF  (  Arnn(  ATI  ,  13.0)  .  EO  .0 .0  )  TIIKM 
UF  -  4.0 
ELSE 

UF  -  5.0 

F  M  n  IF 
F  M  n  I  K 


TUTS  HI. OFF  1  <;  CALLED  AT  NODF  44  AND  IS  USED  TO  RFLFCT  THE 
I.ANDINC  SITE  FOR  THE  ORRITFR.  TUK  CURRENT  SlUliLATlOM  TU'F 
IS  COM»'M<Kr>  TO  THE  TIME  CONTAINED  IN  TLAND  fTUF  TIME  AFTER 
Ulliru  THE  MFXT  ORRITFR  MUST  RF  SENT  TO  VAFR).  IF  TL’OW  IS 
ri’FATFK  TVKN  TLAND  TUFN  A  TVO  IS  PLAC'"  ti>trUTK  SEVEN 

AMI  TC'  FvcfTFR  IS  SENT  TO  VAFB.  TLAND  IS  THIN  I’PDATFD  TO 
REELFC'^  THE  TIME  AT  WHICH  THE  NEXT  ORRITFR  IS  SENT  TO  VAFR. 
IK  TV0\I  1  >;  'iriT  CR  eater  THEP  TI.AND  THEN  A  ONE,  IS  PI-ACKD  INTO 
A'^TRIRUTE  seven  and  the  ORRITFR  IS  SENT  TO  ESC.  THE  VALHF 
added  to  TLAND  (10.5)  IS  SELECTED  SO  AS  TO  SENT  TEN  ORBTTERS 
TO  VAKU  A  VFAR.  THE  ORHITFKS  ARE  SENT  TO  THE  CHOSEN  LAND* 
INC  SITF  RY  nUANCHINC  FROM  NODE  44  OH  THE  VALUE  IN  ATTRIBUTE 

S  EVEN. 


TF  (TFN.E0.7)  THFN 

IF  (TNOW.GT. TLAND)  THFN 
UF  -  2.0 

TLAND  -  TLAND  +  1fi.5 
ELS  K 

UK  -  1.0 
KVP  TE 
K  N  D  1  F 
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TUT*;  Rl.orv  IS  CAl-LF.n  FROM  NOnp.  BO  AK'P  IS  I'SKP  TO  SFI.FCT  TIIF 
P  FSTI  NAT  I  OK  FOP  THF  FXTFRNAL  TANK  AFTFR  PPOni'CTION.  TIIF 

'M.nCK  I'SFS  T!»F  SAMF  I.OCIC  AS  THAT  OKSCRIPKn  FOP  THF  SFFFC* 
TION  OF  TIIF  I.ANOrNO  SITF  FOP  THF  ORUTTF.P  HFNTlONFn  AROVF. 
THIS  lU.orr  Al.sn  SFNOS  TFM  F.XTFRNAI,  tanks  a  VFAR  TO  V'AFP. 


IF  (IFN.FO.ft)  THFN 

IF  (  TNOl,' .CT.  TTANK  )  TI'F*! 
I !  F  -  2.0 

TTAKK  -  TTANK  +  16. S 
FI.S  F 

I'F  -  i.n 
F  '•  O  1  !■ 

F  N  M  T  F 


THIS  PI. OFF  TS  CAFLFn  PRIOR  TO  SRB  STACKTNO  TV  THE  VAB.  THIS 
IS  nONF  TO  DFI.AY  OTHER  ACTIVITIES  IN  THF  VAB  Dl'E  TO  SAFETY 
PFOHTP  FMKV TS.  THF  T.FNCTH  OF  THF  SRB  STACKINO  PROCFSS  (TIME) 
IS  OFTFRMIVFH  FIRST  USING  PARAMETER  SET  26.  THE  END  TIME 
FOR  THF  STACKINO  IS  DETERMINEI)  BY  ADHINC  THF.  STACK  TIME  TO 
THE  CHPREVT  SIMULATION  TIME  (TNOW).  THE  ENO  TIME  FOR  THIS 
STACK  (TENHl)  IS  COMPARED  TO  THE  LAST  SRB  STACK  END  TIME 
(TFNP2).  IF  TENDl  IS  LESS  THEN  TEND2  THFN  THE  OTHER  ACTIV* 
TTIFS  APF  ALREADY  DELAYED  PASSED  THE  STACV  TIME  AND  THERE 
IS  NO  NF.FO  TO  EXTEND  THEM  ANY  MORE.  IF  TFNDl  IS  GREATER 

than  TFr,'n2  then  the  vab  activities  must  be  delayed.  IF 

THERE  AKF  NO  CURRENT  SRB  STACKINGS  OCCURRING  THEN  THE  ACT» 
ARE  delayed  FOR  THE.  FULL  TIME  OF  THF  CURRENT  STACK  (TIME). 

IF  THERE  TS  ANOTHER  SRB  STACK  IN  PROCESS  THFN  THF  ACTIVITIES 
ARE  EXTF.NDFD  BY  THE  DIFEERNCE  BETWEEN  THE  CURRENT  STACK 
TIMF  AND  THF  NEW  STACK  TIME.  THE  ACTIVITIES  ARE  DELAYED  BY 
USING  THE  XTEND  SUBROUTINE.  THIS  SUBROUTINE  IS  INTRINSIC 
TO  0*GERT  AND  HAS  TWO  ARGUMENTS.  THE  FIRST  ARGUMENT  IS  THE 
ACTIVITY  NUMBER  OF  THE  ACTIVITY  TO  HR  DELAYED  AND  THE  SECOND 
ARGHFMENT  IS  THE  LENGTH  OF  TIME  THAT  THE  ACTIVITY  TS  TO  BE 
DELAYED.  IF  THF  ACTIVITY  TO  BE  DELAYED  IS  NOT  CURRENTLY  IN 
PROCRFSS  THFN  THF,  RFQUEST  IS  IGNORED.  FINALLY,  THF  PROCESS 
TIME  FOP  THF  SRB  STACK  IS  PLACED  IS  ATTRIBUTE  SIX  AND  THF 
ACT  TV! TV  IS  BEGUN. 
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t. 


IF  (TrN.F'>.<>)  TMF.K 
TT*"'  -  HF(2  6) 

TI  NIM  -  TTMF  +  TNOW 
IF  ( TFNnl .CT. TFNR2 )  THKK 
IK  (TrO\J.CT.TFNn2  )  TI^EN 
Tin  FI  ■  TIME 
KI.S  K 

T|mfi  .  TEKDl  •  TEND2 
K  >'  I  I' 

TAt  I  XTENO  (32, TIME!) 

CAt.I  XTFNn  (<>2,TlMr.l) 
f:A?.l  vtfnD  (65,TTMF1  ) 

CAM.  XTFNR  (eP.TTMFl) 

CAM  XTKND  (70,TIME1) 

CAM  XTFND  (77  .TTNFl  ) 
TK.Mn2  -  TFNDl 
FMO  IF 

UK  .  time 
F  V  n  T  F 


t"t«;  ni.nj^v  is  cam.fr  prior  to  mating  the  orrttf.r  to  the  srb/ 

FT  ASRFMUIY.  FIRST  TI’F,  PROCESS  TIME  FOR  THE  MATING  IS  HE* 
TFRMINFO  (TIME2)  USING  PARAMETER  RET  .20.  IF  TIIFRE  IS  A  SRB 
STACK  CI'RPFNTLY  IN  PROGRESS  THEN  THF  PROCESS  TIME  IS  FXTFNOED 
•»V  THE  AftOl’NT  OF  TIME  I, EFT  TO  COMPLETE  THF  SRB  STACK.  THIS 
IS  OOAT  FOP  SAFETY  REASONS  THAT  OO  NOT  AM, ON  ANY  OTHER  FAB 
ACTIVITIES  WHFN  THERE  IS  AN  SRB  STACK  OCCHRING  IN  THF  VAB. 

IK  THFRF  is  NOT  A  SRB  STACK  IN  PROGRESS  THFN  THE  ORGINAL 
TTM^  FOP  THF  ORBITER  MATE  IS  US FO  AS  THF  ACTIVITY  TTMF, 


IK  (TFN.FO.IO)  THFN 
TTMK2  -  BF(20) 

IF  (TKNH2.GT.TN0W)  THEN 

TIMF2  -  TIME2  +  (TEND2  •  TNOW) 
FHO  IF 
I'F  -  TTMF.2 
KiVn  IF 


THIS  BLOCK  IS  CALLED  PRIOR  TO  MLP  REFURBISHMENT  IN  THE  VAB. 
THF  PROCESS  TIME  IS  THEN  EXTENDED  IN  THE  MANNER  DESCRIBED 
PRIVTOHSLV  IF  A  SRB  STACK  IS  IN  PROGRESS.  A  CONSTANT  TTMF 
IS  HSFH  FOR  THE  ORIGINAL  MLP  R FFUR B I S HM FMT  TIME. 


IF  (TFN.EO.ll)  THEN 

IF  (TFMD2.GT.TNOW)  THEN 

HF  •  1.4  3  +  (TF.HDZ  •*  TNOW) 

F.LS  F 

HE  -  3.43 
END  IF 
END  IF 


i 
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THIS  BLOCK  DRTFBMINE  THE  PROCESS  TIME  FOR  THE  SUB  CHECKOUT 
OPERATIONS  HSINC  PARAMETER  SET  27,  IF  THERE  IS  A  SRB  STACK 
ClfRRENTLY  IN  PROGRESS  THEN  THE  ACTIVITY  TIME  IS  EXTENOEO  AS 
PREVIOUSLY  OESCRIBEn. 


IF  (IFN.E0.12)  THEN 
TIMF‘<  -  nF(27) 

IF  (TFMn2.CT.TNOW)  THEN 
TIM  FI  -  TIME3  +  (TEKn2 
EMP  IF 
HE  -  TIME! 

ENP  IF 


TNOW) 


THIS  Bl.or.K  CALCHLATES  THE  FT  MATE  PROCESS  TIME  HSINC  PARA* 
HFTER  SET  2P.  THE  TIME  IS  EXTENDFO  AS  ABOVE  WHEN  RKOUIRFD, 


*  TNOW) 


IF  (TF\. FO.13)  THFM 
TTMF4  -  RF(2R) 

IF  (TFMn2.CT.TNOW)  THEN 
TfMF.A  -  TTME4  +  (TEND2 
FMO  IF 
HE  -  T1ME4 
END  IF 


THIS  BLOCK  CALCULATES  THE  ET/SRR  CHECKOHT  OPERATIONS  TIME 
HSINC  PAKAMfTER  SET  29.  THE  TIME  IS  EXTENDED  AS  RPOHIRFD  IN 
THE  SAME,  Mavnfr  aS  ABOVE. 


IF  (IFM.KO.lA)  THEN 
TIMIS  »  nF(29) 

IF  (TFHn7.CT.TNOW)  THEN 
TTMFS  -  times  +  (TENDZ 
FNH  IF 
HF  -  TIMES 
END  IF 


•  TNOW) 
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*  THIS  ni.orv  r  M.OHI.ATP.S  T'IF;  ft  CHECKOKT  OPFPATinrs  TIMF.  hsinc  * 

*  TAPAMI-TKI'  SIT  10.  THE  TTHF  TS  EXTFKDFn  AS  A«OVF,  WHEN  NEFUFO  * 


IF  (1K^. EO.ll)  THEN 
TTMFf.  ■  RF(10) 

M'  (TFM>2.0T.TNOS')  THEN 

TI'IFA  -  TTMFA  +  (TFNn2  •  TNOW) 
r.vn  IK 
I'F  -  TIMF6 
F  S II  IF 

i:  FTI'V' 

FNO 


THIS  SUn'inilTlNF  TS  CALLFO  AUTOMATICALLY  IIY  TMF  0*CERT  ANAL* 
YSIS  PROCRAM  AT  TIIF.  BF.CINNINC  OF  FACH  RUN  OF  THE  NETWORK, 


TUTS  SUBROFTTNE  TS  USEO  TO  INITIALIZE  TIIF  VALI'RS  OF  TTANK  , 
TI.ANO,  ANO  TF.Nn2.  IN  AODITION,  ON  THE  FIRST  RUN,  THE  PARA* 
MFTFR  SETS  nSEO  IN  THE  USER  FUNCTION  ABOVE  (70,  2A,  27,  2ft, 
2'»,  ANP  10)  ARE  TNITIALI7,  FP.  CPBP  IS  AN  INTRINSIC  ROUTINE 
IV  n.CFRT  THAT  IS  USED  TO  TNTTALI7.E  PARAMETER  SETS  TO  BF 
l'TTI,I7.K0  AS  A  PETA*PERT  P  T  STR  I  BUT  I  ON  , 


**  1 


SUni'oOTl'iF.  HI 

rO  'MON  /OVAR/  NPF ,NFTRr(100) ,NREL( I  00) ,NR FLP( 1 00) , 

I  NRI  I.7(l0n),NRUN,NRnNS,NTC(100)  ,  P  A  R  AM  (  I  00 , 6  )  ,TnFC,TNOW 
COMMON  /HCOM/  TTANK,  TLAND,  TFNPZ 
TTA*'V  -  16.50 
TI.ANO  -  16.50 
TENn7  ■  0.0 
IF  (NRI'N.EO.l)  THEN 
CALL  rPHP(20) 

CALL  C«'BP<26) 

CALL  CPBP(27) 

CALL  CPHP(2ft) 

CAf.L  CPRP(29) 

CALL  CPBP(30) 

ENP  IF 
RETURN 
ENP 


TUF  KOM.OWINr  PORTION  OF  THF  PROORAH  IS  THF  0-CF.RT  COMPUTER 
REPRESENTATION  OF  THE  NETWORK  OESIGNEO  TO  PEPICT  THE  STS 
FLOW  AT  •'SC.  THF  PROORAM  UTTLEFP  THE  0*GERT  ANALYSIS  PRO* 
CRAM  TO  analyse  THE  SYSTEM.  FOR  A  Fl'LL  PFSCRIRTION  OF  THE 
PROGRAM  STATEMENTS  AND  THFTR  PARAMETERS  SFF  “MOOFLINC  AND 
ANALYSIS  <1STNG  O-GERT  NETWORKS",  RY  A.  ALAN  B.  PRITSKER. 

THE  PROGRAM  accomplishes  10  Rl’NS  OF  THE  MpOEL  WITH 
SACM  f.UN  :'ETNG  4015  PAYS  IN  LENGHT.  THE  FIRST  165  DAYS  ARE 
IGNORED  FOE  STATISTICAL  C  Al.CHLATT  OKS .  THE  OUTPUT  IS  A  SHM* 
‘•ary  of  all  ten  of  THF  RUNS. 


GFN,  ANPRHSVSEVM.KSCOPS  ,  I  0 , 3  0 , 1  *>R2 , 1  2 

soil, 1,0, I, A* 

VAS,1,2,TN,I,1,HF,1 , 3 , CO , 2 , fl , GO , 1 0* 
ACT.l  ,l,CO,0.0,l  ,(<>)a2.LE.2* 
act, I ,3,CO,0.n,2,(S)A2,LE.3* 


,  ,  ,4015,10,5,365,8* 

SOURCE  FOR  ORBITERS 

generates  ORBITERS 
SENDS  ORBITERS  TO  WAIT 


* 


OPF 


FOR 


OP F, 2 /VAT  tor F  ,( 10)1* 

R  ES  ,  I  /OPFT>  \V  ,  ,  ,  1* 

* 

* 

* 

* 

AL1,,1,  ,I  ,1,2/4* 

RKC,4 , I , 1 ,n,M* 

« 

* 

VAS,4 ,4  .HE  ,4* 

ACT,4,5,RP,1 ,3/SAFEORR* 

* 

REG, 5,1 ,1* 

ACT,5,6,BP,2 ,4/PLBACCES* 

REG,6,1 ,l,F* 

ACT,6,7 ,BP, 1 ,5/REHORPL,(9)A4.LE.2* 
ACT, 6, 7 , BP, 4 ,6/REVERPL,(9)A4. EO. 3* 

REG  7  I  I  F* 

ACt|7|8’ BP, 5,7/H0RFLKT,(9)A4,LE.2* 

P  EG  ,  8 , 1  , 1  • 

AGT,8 ,0, DP.ft ,8/lNHORPL* 

R  EG  ,  9  ,  I  ,  I  * 

ACT,9 , 10,BP,7 ,9/HORPLCKOlIT* 
AGT,7,10,nP,8 ,10/VRRFLTKT,(9)A4. E0.3* 
R  EC  ,  1 0 , 1  , 1  * 

ACT, 10,1 1 , BP.S , 1 1/FlNALCO* 

OUF,l l/WAfTMAINT,(10)25* 


ORBITERS  V’MT  FOR  OPF  RAY 
ESTAHLTSI'ES  THF  NUMBER  OF 
OPF  BAYS  (2 ) .  TO  AOD  OR 
DELETE  RAYS  PUT  THE  DF • 
SIRED  NMIMRFR  TK  PLACE 
OF  THE  2 
ALLOTS  OPF  BAY 
ORBITER  ENTERS  THE  OPF  AND 

IS  MARKED  WITH  THE  CURRENT 
TIME 

SELECTS  HP  PAYLOAD 
ORHITER  IS  SAFED  PRIOR  TO 
SERVICING 

PLB  ACCESS  IS  GAINED 

REMOVE  HORIZONTAL  PAYLOAD 
REMOVE  VEFTICLF  PAYLOAD 

INSTALL  HOR.  FLIGHT  KIT 

INSTALL  HOR.  PAYLOAD 

i«0R.  payload  CHECKOHT 
INSTALL  VFP.  FLIGHT  KIT 

FINAL  PLB  CHECKOUT 
L’AITS  FOR  OPF  MAINT.  ACT* 

I VI  TIES  TO  RF  COMPLETED 
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^  ,  1  2  ,  tu' ,  I  0 , 1  2/SSM  FH  AI  NT* 
OIIP.  ,  I  2/UM  TI'Sr.T,  (  10)15* 


ROIITlNf;  SS'<F.  MAI  NT. 
WAITS  pop  rSMK  PSST 
TO  BF  COMPl.P.Tpn 


ACT, 5, n, CO, It. 0,13* 

KPc.n,!  ,1  ,|.* 

VAS,11,5,1'P  ,5*  SPLF.CTS  SSMF  PSST  TO 

*  RF.  COMPLFTFO 

ACT,1  3,1  A,  R  I',  1  1  ,14/SSPSSTl  ,  (  <1  )  A  5  .  FO  .  1  * 
act,  1  3  ,  1  A  ,  IIP  ,  1  ,  1  5/S5PSST2  ,  (  0  )  A  5  .  po  .  2  * 


ACT,l3,lA,RP,l3,lf>/SSPSST3,(9)A5.Fn,3* 
ACT. I  3 . 1  A .Cd.O.O . 1 7/NnSSPSST. (9 )A5. FO. A* 


OlIF  ,  1  A  /  V.'Al  TSSM  r,  (  10)1  5* 

* 

MAT, I  5,2 ,1 2/1  A, I  A /16* 

* 

* 

* 


WAITS  C0MP1.FTI0N  OF 
ROUT  INF.  SSMK  MAI  NT. 

WHF.N  AI.C  SSMF.  MAI  NT.  IS 
COMPI.FTFO  THF  TRANSACTIONS 
ARF  COMRINFO  INTO  ONF 
TRANSACTION 


K  rc ,  1  f  ,  2  ,  2  * 

ACT  ,  lf>  ,  1  7  ,  CO,  0.0  ,  IR* 

OnF,17/SSMFW AIT, (10)25* 

* 

ACT,5,1R,RP,1A ,19/sc UMAX  NT* 
0IIR,1R/UAITPSST,(  10)21* 

ACT, 5, 19, CO, 0.0, 20* 

RFC,  19,1  ,1  ,F* 

VAS,19,5,UF ,6* 

ACT,  1  ",20,BP,  1  5,21/ORBPS.STl  ,(9)A5,Ef) 
ACT,19,20,RP,16,2  2/ORBPSST2  ,(9)a5.F.O 
ACT, 19,20,PP,17,23/ORBPSST3,(9)A5.KQ 
ACT,1 9,20, BP,1«,2A/ORRPSSTA,(9)a5.E0 
ACT, 19 ,20,CO,0.0,25/NOPSST,(9)A5.RO, 
01' F,  20/wait  SCI',  (  1  0)2  1* 

MAT, 21 ,2 , 1 R/22 ,20/22* 

* 

* 


WATT  FOR  OTHER  OPF 
ACTIVITIES 

ROOTINF  ORRTTFR  HAINT. 
WATT  FOR  PSST  MAINT. 


SFLFCT  ORRITFR  PSST 


.1* 

.2* 

.3* 

.4* 

5* 


WATT  ROUTINE  ORE  MAINT 
WHEN  AI.I,  ORRTTFR  SCHFOUCFn 
MAINT  IS  COMPLETE.  THF 
TRANSACTIONS  ARF.  COMRINFO 


R  EC  ,  ?  2 , 2 , 2  * 

ACT, 22, 23, CO, 0.0, 26* 

OMF,2  3/sri'WAIT,(  10)2  5* 

ACT,5,24 ,PP,19,27/TPSMAINT* 

OOF, 24 /TPSWAIT,( 10)25* 

* 

MAT, 2 5, 2, 11/2 6, 17/2 6, 2 3/26, 24/26* 

n 

* 

* 

STA , 26/OPFTTV r, A ,4 ,n , T* 

* 


WAIT  FOR  OTHER  OPF  ACT. 

TPS  MAINTENANCE 

WATT  FOR  OTHER  OFF  ACT. 

TO  RF  COMPLFTF.n 
WHEN  ALL  OPF  ACTIVITIES 
ARF  COMPLETE  THF  TRANS* 
ACTIONS  ARF  COMBINED  HACK 
INTO  ONE  TRANSACTION 
THE  TIME  ORRTTFR  WAS 
IN  THF  OPF  IS  RFCORDED 


ACT,26,27  ,ro,n.{),2R* 

QHE,27/ORRWAIT,(10)2R*  ORBITER  WATTS  TO  B  F.  MATED 
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S  F.I.,2«/0RBM  ATT  ,\SM  ,  ,B/R,  ,27,78* 

* 


ACT, 78,2“, CO, 0.0,29* 

KRF,29,  ,1  ,l  ,1* 

* 

ACT, 29 ,3O,r0,O.09,10/T0WTnVAB* 
RFO ,30,1 , I* 

VA5;,3n,A,llF,lO* 

ACT, 30, 12 , AT, A ,32 /MAT FOR B* 

0|'F,3  2/WATTri5Al.'  ,(10)33* 
RFS,2/CRAVJI,FR,  1  ,33* 

* 

* 

* 

AM., 33,  ,2,1  ,12/14* 
orF,34/VJATTPAO,(  10)35* 

nPS ,3/PAn,2 ,15* 

* 

* 

* 

* 

AM  ,15,  ,3,1  ,14/1A* 

RFC,  16,1  ,1* 

ACT, 16, 98 ,cn, 0.0, 84* 

FRF, 98,  ,A,l  ,f,h* 

ACT, 08, 99, CO, 0.0, 85* 
STA,99/pFTVAn,l ,l ,n,B*  ' 

ACT, 36, 17, CO, 0.61 ,33/TOWTOPAn* 
n  FC  ,  1  7 , 1  ,  1  * 

ACT,  3  7, 18  ,rn,  0.6  1 , 34/RFTCRAWI.RR* 
FRF, 38, 2, I ,31* 

« 

ACT, 18, 10, CO, 0.0,35* 

STA  ,19/RFTCRAUT,,  I  ,1,0,8* 

ACT, 17, 40, BP, 2 1 ,36/PAnOPS* 

* 

STA  ,4  0/1,A1I'I(:II,  1  ,l  ,n,B* 

* 

* 

VAS,40,l+,C0,l* 

ACT, 4 0,41 ,C0,6,81 ,37/RFFR8PAn* 
FPF,4l,,1,l,35* 

* 

ACT, 41 ,42 , CO, 0.0, 38* 

STA  ,42/RF.TPAn,  1  ,1,0,8* 

ACT, 40, 41, CO, 0.0, 39* 

REG,43,l ,l ,P* 


VHFN  BOTH  AN  ORBTTFR 
AMO  A  SRB/FT  ARSrMBT.V 
ARF,  AVAI.TBLE,  TIIK  ORBITFR 
MATING  ACTP'TTY  IS  BFGUK 

TMF  OPF  BAY  IS  FRFFO 
FOR  TMF  \'F\T  ORBITFR 
TOW  ORBITFR  TO  VAB 

r>FTF»MTNF  ORB  MATF  TIME 
MATF  ORBITFR  TO  ASSEMBLY 
ASSEMBLY  WAITS  FOR  CRAWLER 
FSTABLTS"FS  NIIMBFR  OF 
CRAWLERS  (1).  TO  AOO  CRAW* 
T.FRS  PUT  TIIF  OFSTRFO  NUM  * 
BFR  IN  PLACE  OF  THE  I 
ALLOTS  CRAWLER 
ASSEMBLY  WAITS  FOR  PAD 
ESTABI.ISHFS  THE  NUMBER  OF 
PAOS  (2).  IF  IT  IS  OESIREO 
TO  AOO  OR  SUBTRACT  PAOS 
CIIAMCF  THF  2  TO  THE 
OESIRFO  NUMBER 
ALLOTS  BAO 


FREE  VAR 


HOVE  ASSEMBLY  TO  PAD 

RETURN  THE  CRAWT.ER 
FREE  CRAWLER  FOR 
FURTHER  USE 


PAO  OPERATIONS  TO  TNCI.UOE 
THF  COIINTOOWN 
LAUNCH  THF  ORBITFR  ANO 
RFCOR?)  THF  TIME  BETWEEN 
CONSECUTTVF  LAUNCHES 
UrOATE  MISSION  COUNT 
REFURBISH  LAUNCH  PAD 
FREE  LAUNCH  PAD  FOR 
FURTHER  USE 


ACT,43,44,NO,22,40/SLMIRS,(9)A4.EO.I*  SPACELAB  MISSION  TIME 
ACT,43,44,MO,23,4l/NOMMISS,(9)A4.CE.2*  NOMINAL  MISSION  TIME 
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RKC,44,1,1,f* 

VAS  ,44 ,7  JiF  ,7* 

ArT,44,4’>,CO,n.O,42/KSCI.Nn,(9)A7.LE.l* 
QUR,4  5/LAN’nKSC,0,0,(7)46* 
VAS,45,:!,UF,'J* 


RKr.,4f.,l  ,1* 

* 


•,44,4S,CO,n.4 ,43/nKLYKSC* 

■,4  5,2  ,  CO,  0.09, 4  4/1.  ANDOPS* 
■,44,47,cn,0.n,45/LNDVAN,(9)A7. EO.2* 
, 47/VAFHLANn,0,0 ,( 7 )48* 

;,4R.l.l* 


',4  8,4  7,00,0.4 ,46/0 F.I.YVAFB* 

,47 ,4 0,00,0.09, 47 /VLANDOPS* 
,51,0,1* 

:,  31  , 1  ,00, 7, 2,00, 4, 3, CO, 3,8, CO, 10* 


ACT, 31 ,49,00,0.0* 
QI1F,49/VAFU'JATT* 

* 

AOT,49,50,NO,24,48/VAFBOPS* 
STA,50/VAFBTrMK, I ,1 ,0,8* 


i,50,l  +  ,rn,l* 

',  50,44  ,NO,  2  3,49/VAFnMISStON* 

I, 51, 0,1, A* 

:,51  ,«,1N,1* 

',51,51  ,CO,0,0,50/GFNAFTSK,(9)A8.LF. 
',51  ,5?  ,00,0.0,51 ,(9 )A8,LF. 10* 
',40,52 ,00, 0.0, 52/8 ETAFTSK* 

■,52/WATTP8F, (10)53* 

1,4/PSF,1  ,53* 


,53,  ,4,1  ,52/54* 


SELEOT  LANDING  SITE 
LAND  AT  KSO 
LANDING  OUEOF.  AT  KSC 
MOVE  UP  PAYLOAD  TO 
DOWN  PAYLOADF  ATTRIBUTE 
IF  THE  STRIP  AT  ESC  IS  IN 
USE  THEN  THE  LANDING  OF 
THE  ORBITER  IS  DELAYED 
IINTII.  TItE  STRIP  IS  Cl.EAR 
ESC  LANDING  DELAYED 
KSO  LANDING  OPERATIONS 
ORBITER  TO  VAFB 
LANDING  OUEUE  AT  VAFB 
IF  THE  LANDING  STRIP 
AT  VABF  IS  IN  USE  THEN 
THE  LANDING  IS  DELAYED 
DELAY  VAFB  LANDING 
VAFB  LANDING  OPERATIONS 
GENERATE  INITIAL  VABF  ORB 
SETS  THE  INITIAL  VALUES 
OF  MISSION  NUMBER,  ORBITER 
NUMBER  AND  DOWN  PAYLOAD 
FOR  THE  V^FB  ORBITER 

ORBITER  WAITS  FOR  USE 
AT  VAFB 

VAFB  LAUNOIt  OPFRATTONS 
LAUNCH  ORBITER  FROM  VAFB 
AND  RECORD  THE  TIME 
BETWEEN  LAUNCHES 
UPDATE  NUMBER  OF  MISSIONS 
ORBITAL  MISSION  FROM  VAFB 
SOURCE  OF  INITIAL  AFT 
SKIRTS 


GENFRATF  10  AFT  SKIRTS 
AFTER  LAUNCH  IMMEDIATE!. Y 
RETURN  THE  AFT  SKIRTS 
AFT  SKIRTS  WAIT  FOR  PSF 
ESTABLISHES  THE  INITIAL 
NUMBFP  OF  PSFS  AT  I 
TO  ADD  OR  subtract  PSFS 
PUT  THE  DESIRED  NUMBER 
IN  PLACE  OF  THF  1.  IN 
ADDITION  CHANGE  THE  NUM * 
BER  1  IN  ACTIVITY  55  TO 
THE  DESIRED  NUMBER  OP  PSFS 
ALLOTS  PSF 


RKr;,54,i  ,1* 

ArT,54,SS,Cn,«).7,51/AFTKSTANn* 
ouk.ss/wattsph  ,(10)57* 

Ar  rtuo.sh.ro.n.o.SA/RFTSRM* 

OIIK,  5Ah'ATTAFTSK,  10,(10)57* 

* 

SFI.,57/AKT1M!  n.n,  ASM  ,(7)55,56* 

AC T  ,  S  7  ,  5  «  ,  U  I’ ,  7  5 , 5  5  /  nil  T  l.nO  P  ,  1  * 

* 

* 

* 

n|?F,  "iH /WAITS  TOR  ,(10)59* 

R  KS , 5/SRnSTnH  F , 2 , 59* 

* 

* 

* 

* 

* 

AM., 5*),  ,S,l  ,5«/60* 

??FC,60,1  ,1* 

ArT,6(i,r,i.  ,rn,o.o,56* 

FRF, 61 ,  ,A ,1  ,51* 

A  CT  ,  6  I  ,  6  ?  ,  CO  ,  0  .  O  ,  5  7  * 
STA,67/lMTrSI',l  ,1  ,n,B* 

ATT, 6 0, 6 1, CO, 0.0, 5 H* 
01IF,61/WATTMI  P,(  10)69* 
son ,64 ,  '  , I  , A* 

VAS,64 ,« ,1 V,  I* 

ACT,64 ,64  ,(  0,0.0 ,50  ,(S  )aH.LF..2* 
ACT,64 ,65,ro,0.(),60,  (9)AB.LF.  3* 
ACT,  40, 6  5,  CO,  5. 4  3, 6  I /WAS  HMI,P* 

* 

OllF,  65/WAT  rVAll  ,(  10)66* 
RF.S,6/VAB,2,66* 

* 

* 

* 

* 

Al,!,,66  ,  ,6  ,  I  ,6  5/6  7* 

P  FC  ,  6  7  ,  I  ,  1  * 

VAS  ,67 ,6  ,UF  ,  I  I* 

* 

ACT,67 ,68, AT,6 ,62/MLPRKFURB* 
0IIF,68/WATTSHB,(  10)69* 

.SF.I,,6  9/STACK.SRR  ,ASM  ,(7  )63,6«* 

* 

* 

ACT, 6 9, 70, CO, 0.0, 6 3* 

RFC, 70,1 ,1* 

VAS,70,6,IJF  ,9* 

ACT, 70, 71 ,AT,6,64/SR8STArK* 

ACT, 70, 86, CO, 0.0, 82* 

FRF,«6, ,5,1 ,59* 

ACT, 06, 97 , CO, 0.0, 83* 
STA,97/nFTSRnST,l ,1 ,n,B* 


INSTAM.  AFT  SKIRT  IN  STAND 
AFT  SKIRTS  WAIT  FOR  SRM 
RFTIIRN  SRM  AFTFR  I.AIINCK 
SRM  WAIT  FOR  aft  SKIRT 
STARTS  WITP  10  IN  OHFHF, 

aft  Riin.nnp  of  srb  in  psf 

NUHRFP  OF  SFRVERS  (1  IN 
THIS  CASF)  MUST  F.Ql'AL  THE 
VUMBFR  OF  PSFS 
SRBS  WAIT  STORACF 

rstablisufs  number  of  srb 

STOUAOF  BAYS  AT  2.  TO  AOU 
OR  DFI.FTF  STORAGE  PCACE 
THE  ORSIREO  NUMBER  OF 
STORACF  BAYS  IN  Pl.ACE  OF 
THE  2 

AM.OT  SPB  STORACF. 


FREE  PSF 


SRB  WAITS  FOR  MLP  ANO  VAB 
SOUACf  I  OR  MT.PS 


GENERATE  3  Ml.PS 
WASH  M1.P  AFTFR  EAUNCU  AND 
MOVE  TO  WAIT  FOR  VAB 
MLP  WAITS  FOR  VAB 
ESTABI.ISUFS  THE  NUMBER  OF 
VABS  AT  2.  TO  Ann  OR 
LETF  THE  VARS  PUT  THE  UE* 
STRE.n  NUMBER  IN  PLACE  OF 
THE  2 

ALLOT  THE  VAB 

URTKRMTNF  ‘'LP  REFURBISH* 

MFNT  TIMF 

REFURBISH  MLP 

WAIT  FOR  SRB  SET 

WHEN  BOTH  THE  SRBS  AND 

THE  MLP/VAB  ARE  AVAILIBLF 

SRH  STACKING  IS  STARTED 


DETERMINE  SRB  STACK  TIME 
STACK  SRBS  ON  MLP 

FREE  SRB  STORAGE 
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RFC,  71  ,l  ,1  * 

VAS,71  ,f.  ,1'F  ,12* 

* 

ACT, 71 ,72,AT,A,fi3/SRBALTNF* 
OnK,7  2/U'AlTFT,(  10)71* 

S  Kl. ,  7 1  /  KTV  AT  F  ,  A  SO  ,  (  7  )  7  2 , 0  4  * 

* 

* 

ArT,7A,74,r(\0.0,fi6* 

I!  FC  ,  74 , 1  ,  I  * 

V  A  F  ,  7  4  ,  h  ,  n-  ,  I  1  ,  R  ,  CO  ,  0  * 

ACT,  74  ,  77  ,AT,f,,fiq/MATFKT* 

ACT  ,  74 , 7  ■>  ,ro,  f)  .0  ,  A7* 

I  RK  ,  7  S,  ,  1  ,'>OT 
ArT,7'i,7h,(:0,f'.(i,Afl* 
STA,7A,riFTKTSTORK,l  ,1  ,n,B* 

I!  i;f:  ,77,1  , 1  * 

VAS,77 ,4  ,|i|  ,  1  4* 
n 

ACT  ,7  7 ,7R,AT,A,70/FTSRBC0* 
oiik,7R/wattoi;a  ,(10)2R* 

ACT, 7  0, 7  0, CO, 1 S. 21  ,71/PR ODFTS* 


ACT,7  0,,AO,(;'l,O.n,7  2* 

RFC,R0,1  ,l,K* 

VAS,H0,7  ,I’K  ,R* 

ACT, 80, Ml ,ro,0.n,73/FTTOKSC,(1)A7. 
(Ml  F,  SI /W  A  I  TH  ARC,  (10)8  2* 
RFS,7/KSC'’.A8CF,4 ,82* 

A 

* 

* 

A 

A1  l.,F2,  ,7,1  ,81/81* 

RFC, 81, I  ,1* 

ACT,!’.l  ,84  ,r(',7 .0,7  4/SHlPTOKSC* 
0IIF,84/WA1TFTC0,  (  10)8  5* 

A 

KFR,8/FTr(»CFtl,  ,2 ,85* 

A 

A 

A 

A 

A 

AI,C,85,  ,K  ,  1  ,84/86A 


nFTFRMTME  SRB  CHFXKOUT 
TIMF 

RRB  CUFCKOOT  ANO  ALIGNMENT 
WATT  FOR  FXTFRNAL  TANK 
UI'FN  AN  FT  ANO  STACKFO 
RRB  ARF  AVATLIBI.F,  THEN  T|>r 
FT  MATING  IS  BEGUN 

nFTKHMTN'KS  FT  MATE  TTMF 
MATE  FT  TO  SRB 

KRf'.F  FT  RTORAGF 


nFTFPMTNK  KT/SRH  CHECKOUT 
TTM  F 

FT/SRB  CI'FCFOUT 
WAIT  FOR  0R8ITFR  MATE 
ROl'RCF  FOR  FXTFRNAL  TANKS 
PROOPCF  FTS  at  a  rate 
OF  24  RKF  YEAR.  TO  TN» 
CRFASF  THE  PROODCTION  RATE 
CHANGE  THE  PAYS  BETWEEN 
PPOHHCTIOV  (rilPRENTLY 
15.21)  TO  THE  OFSIRFO  RATE 


HETERMINF  FT  OKSTINATION 
.1*FT  SF*’T  TO  KSC 

FT  WATTS  FOR  BARGE 

estabi.tshes  thf  number  of 
KSC  BARGES  (4).  TO  AOH  OF 
PELETE  BARGES  PUT  THE  PF • 
SIRED  NUMBER  IN  PLACF  OF 
THE  4 

ALLOT  ESC  BARGE  TO  FT 

SHIP  FT  TO  KSC 
FT  WATTS  AT  KSC  FOR 
AN  FT  CHECKOUT  CELL 
ESTAPl.ISHFS  TIIF  NUMBER  OF 
FT  checkout  CFLI.S  (2).  TO 

ado  or  delete  checkout 

CEl.LS  PUT  THE  DESIRED 
NUMBER  OF  CELLS  IN  PLACF 
OF  THF  2 

ALLOT  FT  CHECKOUT  CEl.L 
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PFr  ,H6,]  ,  I  * 

VAS.Mf.  ,r,  ,1>F  ,J  5* 
ArT,Hf>,R7,(:n,7.0,7‘)/RFTRAPr.K* 
.f^7,  ,7,1  ,H?* 

ACT,  R  7,  J<H,  CO,  0.0, 7  ft* 
*'.TA,8H/nFTKi>AR,l  ,l  ,n,R* 
ACT,Hfi,'<9,  AT,r,,77/FTCOOPS* 

OIT  ,H'>/V'AI  T  I'TST,  (1  0)8  0* 

F8 , 8  /  FTSTOi’.  F  ,  ?  ,80* 

* 

* 


AM,, 80,  ,0,1  ,88/81* 

RFC,9l  ,1  ,1* 

ACT, 81 ,82 , CO, 0.0 ,78* 

FRR,82,  ,8,1  ,85* 

ACT, 82, 83, CO, 0.0, 78* 
STA,83/RFTFTrO,l ,1,0,8* 

ACT, 81  ,84  , CO, 0.0, 80* 

qiik,84/v;ait8i;r  ,( 10)7  3* 

* 

A{;T,80,85,CO,0.0,R1  /  FTT0VAN,(8)17 
STA,8  5/FTTOVAFn  ,1  ,1,0,8* 

SFF, 2, 4675748182/1* 

* 


0FTFR»‘1KF  F.T  Cl'KCKOUT  TIMF 
RFTIIRN  KARCF.  TO  MTCI'OIIO 
FRFF  HARCF  TO  SI'IP  N  FW  FT 


FT  Clir.C'FOIIT  0PFRAT10»’S 
r.T  WAITS  FOP  STORACF 
rSTAHI.TS  IIFS  TMF  MIlMRFn  OF 
FT  STORACF.  CFI.LS  (2).  TO 
AOO  OR  I>FI,F.TR  CFLLS  Pl'T 
TI'R  PFSIRFO  NUMBFR  TN 
PLACF  OF  TI'F.  2 
ALLOT  FT  STORACF 


FREF  ET  Cl'ECKOOT  CELL 


FT  WATTS  FOR  SRR  PRIOR 
TO  FT  MATE 
EQ.2*SEND  ET  TO  VAFR 

RFINITT  At.TEFS  RANOOM 
Nl'MRFR  RFED  2  FACII  RI'K 
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*  TI'K  Kf'J.I  nv  I  Mf:  l.TNF.S  OF  COOF  ARK  TUF  PARAMFTFF  SF.TS  lifJF.O  IN 

*  THIS  PPOCRAM.  TUF.  FIRST  NUMSFR  AFTFR  PAR  If!  TtlF  PARAMFTF.R 

*  SFT  ni'‘m»fr.  tiif  nf.xt  numbfr  ts  tmf  most  LIFFLY  TIMF 

*  ir  TPF  HFTA-pFRT  niSTRIRUTIOM  FXCFPT  FOR  PARAVFTFR  SFTS  22, 

*  73,  Avn  24,  IN  UHTCH  CASK  THF  NOMRFR  IS  TMF  MFA'i  OF  A  NORMAL 

*  ni «;tp I iMiTi n>: .  tiif.  nf.xt  two  ni'mrfps  arf  tuf  minimum  anp 

*  maximum  TIMF.S  FOR  THF  0 1  S  TR  I  HOT  I O  NS  .  TIIF  FOURTH  NtlMBFR  IN 

*  TUF.  PAUAMFTIR  SF.TS  USING  TUF  NORMAL  U I  S  TR  I H  I'T  I  ON  TS  TUF 

*  STAN'^ARU  ni-'MIATTOM  OF  TUF  HI  S  TR  I  B  UT  1  0  N  .  AI.L  OF  THF  VAI.UFS 

*  ARF  IM  I'MTS  OF  DAYS. 


* 

* 


PAR,1  ,7.70, I . 5R, 13.81* 

* 

PAR, 2  , 2. 80. 0.4 8, 5. I  2* 

PA  8,3,7.10,0.24,1.94* 

PAR, 4,1 ,40,0.24,2.S4* 

PA R.S, 5. 40, 7. 10,9. 10* 

* 

P  \  R  ,  4  ,  O  .  7  O  ,  0  .  M  ,  0 . 8  r,  * 

PAR, 7 ,4. 30, 1  .IK,  1  1.01* 

PAR ,8 ,9. 10,2.10,14.10* 

* 

PAR,0,9.8O,2.lO,1 7.S9* 

PA'’,  m  ,  I  8. 90 ,2  .  10  ,  IS.  70* 

PA R,1 I  ,10.83,7. 10, 1  9. SO* 

PAR,  1 2,10. 30,2.10,18.90* 

PAR,  11,8.0  3,7. 10, I  4. 00* 

PA'«,  1  4  , 72. 40, 2  . in, 42. 70* 

* 

PAR,  1  3, 27. 10, 2  .  10,32.50* 

PAR,  1 4, 7 .  79 , 2. 1 0, 1  1.48* 

PAP,  17, 4. 4 4, 2. 10, 7.  18* 

PAR  ,  1 8 , 1 . I  3 , 2 . 1 0,4 . 20* 

PAR,  19, 14. 9 1,2. 11, 2 7. 31* 
PA8,7n,4.20, 1 .11,7.09* 

P  A  I! ,  7  1  ,24.40,2.10,51.10* 
pa;;, 7 2,  1  2. 00, 7. (.0,1 0.00, 1.00* 
PM’,  2  1,4. 00, 7. 00, 4. 00,1. 00* 
PAP,  24 ,12.23,11 .00,31.00,0.5* 
PAP, 23, 2  1.  10, 8. 73, 17. 45* 

P A  R  ,  2  4 , 4 . 90 , 2 . 84 , 4 . 94  * 

PAR, 27, 4. 9(1,2.84,4. 94* 

* 

PAR, 28, 2. 1 0.0.18,1.31* 

P  A ,  2  9 , 7  •> .  4  O  ,  1 . 4  4 , 4  1 ,  I  4  * 

PA  II,  10, 1«,  90, 4. 3  5, 13. 2  5* 

FT'!* 


SAFF  AND  OF.SKHVICF. 

ORR I TFR 

CAIN  PLB  ACCKSS 
RFMOVF  horizontal  PL 
RFMOVF  VFRTICLF  PL 
INSTALT,  UORTXONTAL 
FI.  I  GUT  I'lT 

INSTALL  l'oi>  IZONTAI,  PL 
CIIFCKOUT  POP.  TXOMTAL  PL 
INSTALL  VFRTICLF 
flight  FIT 

FINAL  PLR  CIIFCKOUT 
ROUT  IMF  SSMF  MAI  NT 
IIPFTP  INSPFCTION 
IIPOTP  TNSPFGTIOM 
FNG  PFMOVK  4  TNSPFGT 
ROUTIII,  SCUFOULFO 
ORBITF.P  MAINTFNANCF 
PLH  TCS  RFPLACF 
partial  pip.  TCS  RFPLACF 
FUEL  CKLL  RFPLACF 
APU  RFPLACF 
TPS  VAINTFNANCF 
ORBITFR  matt  ACTIVITIFS 
PAP  0PF8ATI0NS 
SPAGFLAB  MISSION 
NOMINAL  '11SSI0N 
VAFB  nUBITKR  OPS 
SRB  AFT  RUT L PUP 
SRIt  STAC'IMC  OPS 
SRB  CUFCKOUT  ANP 
ALIGN!!  '••NT 

FT  MATF  OPFRATIOUS 
SRB/FT  CIIFCKOUT 
FT  GHFCKOUT  opr 
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TaULe  mil.  KSC  NorMl  Parameters 


Act. 

Ifua. 

Activity 

Description 

Mean 

Minimum 

Maximum 

Standard 

Deviation 

Spacelab  Mission 

12.00 

7.00 

30.00 

3.00 

41 

Nominal  Mission 

4.00 

2.00 

7.00 

1.00 

48 

VAFB  Operations 

32.35 

31.00 

33.00 

0.20 

Table  XXVIII.  KSC  Gonatant  Parameters 


Act. 

Activity 

Work 

2/5 

3/5 

3/7 

Nun. 

Description 

Hours 

30 

Tow  Orbiter  to  VAB 

1.0 

0.09 

0.06 

0.04 

33 

Tow  to  Pad 

7.0 

0,61 

0,41 

0.29 

34 

Return  Crawler 

7.0 

0,61 

0.41 

0.29 

37 

Refurbish  Pad 

78.0 

6.83 

4.55 

3.25 

43 

Delay  KSC  Landing 

9.6 

0.40 

- 

- 

44 

Landing  Ope  KSC 

1.0 

0.09 

0.06 

0.04 

46 

Delay  VAFB  Land 

9.6 

0,40 

- 

- 

47 

VAPB  Landing  Ops 

1.0 

0,09 

0.06 

0.04 

53 

Install  Aft  Skirt 

8.0 

0.70 

0.47 

0.33 

61 

Wash  MLF 

62.0 

5.43 

3.62 

2,59 

62 

Refurbish  KLP 

39.0 

3.41 

2,28 

1.63 

74 

Ship  KT 

- 

7.00 

- 

- 

75 

Return  Barge 

- 

7.00 

- 

- 

r - - —  -  - .  ~ 

24/yr 

40/yr 

6o/yr 

71 

I^roduce  ETS 

15.21 

9.125 

6.083 

Table  XXIX.  KSC  Model  Results 
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TaVIe  XXXX.  KSC  Model  Results  (cont.) 


^sssscc8cc:c::csstcr::s 


Appendix  B 


VAFB  Q-Crer  Model 

Ihle  appendix  contains  the  VAFB  Q-GBRT  slaulatlon  aodel.  The 
graphical  aodel  Is  presented  In  Figure  7,  folloned  by  the  computer 
listing  of  the  (H!FRT  program  used  and  the  parameters  used  In  the  model 
(Table  XXX). 


Figure  7,  VAFB  Q-GEBT  Graphical  Model  (Page  1  of  3) 


o  *3  IV) 


VAFB  Q-/;ERT  Graphical  Model  (Page  2  of  3) 


*  TUT*!  I'POCKAV  T??  TI*F.  0*r.FKT  COnp  FOH  \  ON  MnOKL 

*  that  DFricTr:  tmk  ki.o\;  of  tiif  spacr  transpoktatio'i  sys* 

*  TI;m  at  VAM'FVRFPO  AFB.  mis  MODKI.  TS  HSIT)  to  PHROTCT  the 

*  l  Al'NCH  KATr-  CAPAHILITY  OF  TUR  STS  AT  VAFR,  THE  MOOKL 

*  'vAS  PRSTOHRO  TO  nFTFRMINR  LAUNCH  RATE  FOR  ONLY  THK  CON* 

*  FTCHRATION  HS  FI)  TN  THE  MOORL,  IIOWFVF.R,  THF  HSFR  CAN  ALTFR 

*  TI'F  MnriF.I.  TO  FXAfllNF  OTHER  CONF I  CUR  ATI  ON  S  OF  TUP  SYSTEM. 

*  TitF  POKTIOVS  THAT  CAN  BF  FASTLY  VARTRn  ARE  THF  NHMHFK  OF 

*  ORI’ITFFS,  THE  NUMBER  OF  ORBTTFR  CHRCFOUT  AND  MAINTENANCE 

*  FACTLTTTES  (OMCF),  THE  NUMBER  OF  FT  CHECKOUT  ANU  STORE* 

*  ACK  CF.LLS,  AMH  the  number  and  type  of  ft  BARCFS  used  TO 

*  SHIP  FTS  TO  VAFR.  THIS  MODEL  ASSUMES  THAT  THFRI'  ARE  AN 

*  HNLIMITFD  NUMBER  OF  RTS  AND  SRRS  AVAl LISLE  TO  THF  SYSTEM. 

*  IN  ADDITION  IT  ASSUMES  THAT  THERE  IS  ONLY  ONE  I.AUNCU  PAD. 

*  AS  AN  OUTPUT  THE  MODEL  CIVES  DATA  OM  THE  T 1  *1 F  BETWEEN 

*  I.AUNCHES  AND  THE  STATISTICS  ON  THIS  DATA.  IN  ADDITION, 

*  THE  OUTPUT  CIVFS  STATISTICS  ON  THE  NUMBER  AND  AMOUNT  OF 

*  TIMF  that  transactions  WAIT  IN  THE  VARIOUS  OUEUFS. 


* 

* 

I'UNCTION  I'F  (IFN) 

I  * 

* 

************************************************************* 

*  THIS  TS  A  FUNCTION  PROVIDED  BY  0*CERT  THAT  ALLOWS  THE 

*  USER  TO  MAKE.  MODIFICATIONS  TO  TRANSACTIONS  AND  ACTIVITIES. 

*  FUNCTION  UF  IS  CALLED  AT  NODE  SPECIFIED  BY  THE  PROGRAMMER 

*  WITH  TUR  ARCUEMFNT  IFN.  VALUES  CALCULATED  IN  THE  FUNC* 

*  TION  ARE  ‘'ETURNFD  IN  UF  .  THE  QVAR  COMMON  BLOCK  CONTAINS 

*  VARIRLFS  RFOU’RED  AND  USED  BY  THE  0*r,ERT  ANALYSIS  PRO* 

*  CRAM.  FOR  A  DETAILED  DESCRIPTION  OF  THE  VARIBLES  SEE 

*  "MOOFLTNC  ANO  ANALYSIS  USING  Q»GERT  NETWORKS”,  BY  A.  ALAN 

*  B.  PRITSKER,  PACES  243*248. 


* 

* 

COMMON  /OVAR/  NDE  ,  NFTBII  (  I  00  )  ,NR  FL  (  I  00  )  ,  N  R  FLP(  I  00  )  , 

I  NREI,2  {  100)  ,NRUN  ,NRUNS  , NTC(  1 00  )  ,  PA R  AM(  1  00 , 4  )  ,TBEC  ,TNOW 

* 

* 


» 
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*  TI!TS  PORTION  OF  THF.  IISFR  FUNCTION  (IIF)  TR  IIRFD  TO  DFTFR*  * 

*  MTNF  WUAT  TVPF  OF  \CTTV1TTFR  »UVF  TO  BF  ACCOM  P  !.T  S  UFO  * 

*  KMfll.K  UNLOAOTNC  THF  FT  RARf.F.  THIS  MODFL  ASSUMFS  THAT  4  * 

*  FTS  ARF  TRANSPOPTEO  ON  THF  nARCF  AT  ONE  TIME.  IF  THERE  * 

*  A»’F.  NO  FTS  ON  THF  RAROF  THFN  THF  BARCF  TS  RRTHRNFn  TO  * 

*  PTCF  HP  MORF  FTS  (HF  -  1).  TF  THERE  ARE  TWO  FTS  LEFT  ON  * 

*  THF  RARCF,  TURN  THF  TRANSPORT  STANDS  FOR  THF  FIRST  TWO  * 

*  FTR  APR  LOADED  OH  THF  RARGF  BEFOR  ANOTHER  FT  IS  UNLOADED  * 

*  (HF  -  ?).  IF  THF.PF  IS  ONE  OR  THREE  FTS  STILL  ON  THF  BARGE,* 

*'  THFN  THF  NF^T  i-'T  TS  IMMFDTATFLY  UNLOADED  (HF  -  1).  * 


* 

* 

IF  ( IFN. EO. 1 )  THEN 

IF  (NRFL(5).EO.O.O)  then 
U  F  -  1.0 

ELSE  TF  (NRFL(5).F0.2.0)  THEN 
HE  -  2.0 
FLS  F 

HF  -  3.0 

END  IF 
FNP  IF 
R  FTURN 
END 

* 

* 

*******A*********i«********************«t********************** 

*  THF  FOLLO'.'ING  TS  THF  0»CFRT  CODE  USED  TO  DEPICT  THE  GRAPH* 

*  ICAL  MODFI  OF  THE  VAFB  SYSTEM.  THIS  CODE  IS  USED  BY  THF 

*  0-GFPT  ANAI,VSTS  PROGRAM  TO  ANALYSE  THF.  SYSTEM.  THF  PRO* 

*  GRAM  ACCOMPLISHFS  10  RUNS  OF  THF.  SYSTEM,  EACH  BEING  4015 

*  DAYS  IN  LFNCHT.  THE  FIRST  365  DAYS  OF  EACH  RUN  ARE  IC* 

*  NORFD  AND  NOT  USED  FOR  CAI.CHLATINC  THE  STATISTICS.  THIS 

*  TS  DONE  TO  REDHCF.  THF.  POSSIBLE  EFFECTS  OF  THF.  STARTING 

*  CONDITIONS.  AS  AN  OUTPUT  THF  PROGRAM  PROVIDES  THF  KF* 

*  SHLTS  OF  Tiip  analysis,  AVERAGED  OVER  THE  10  RUNS.  FOR  A 

*  DFTATI.FD  DESCRIPTION  OF  THF  0-CFRT  COMMANDS  USED  SEE 

*  "MODELING  and  ANALYSIS  USING  0*GFRT  NETWORKS",  BY  ALAN  A. 

*  B.  PRTTSKFR. 


* 

* 

GFN,  ANDRUS  YS  7,  YN  ,VAF  BOPS  , 09, 27, IS  R2  , 6, 0,0, 4  015, 10, ,365,4* 


SOURCi:  OF  FIRST  4  FTS 


SOP, SI, 0, I  , A* 

VAS.Sl ,? , IN, 1* 

Af;T,si  ,S1  ,ro,n.0 ,1  ,(0)a2.lf.s* 

ACT, SI , I ,CO,n.O,? ,(9)A2.LF.4* 
sou, S2, 0,1  ,A* 

VAS,S2 ,I ,TN, 1* 

ACT,S2,S2  ,C0, 1  .n,1,(«»)AS.LF..2<>S* 
ACT,  S  2, 1  ,C0, 1 .0,4  ,(0)A‘l.I,R.30n* 
oiiF,  i/KTMrrii,(  10)2* 
i:ks,1/i>ai<cf,4  ,2* 

AM  .1  ,1  ,1/3* 

R  KC  ,  3  ,  I  , 1  * 

ACT,  3,  S.  UN,  I  ,S/SIHPVAFB* 
OUF,S/FrVAKM,( 10)6* 

UFS,2/XP0HT,1 ,H* 

* 

AM., 6,  ,2,1  ,S/7* 

0UF,7/WA1 TST«,( 10)«* 

* 

R  FS  ,3/STOR  Ar.F,4  ,6* 

* 

AM., R,  ,3,1  .7/0* 

RFC, 0,1 ,1* 

ACT,  9, 10,  NO,  2 ,6/OFFl.OAn* 

RFC, 10, I  ,1* 

ACT, 10, I  1 , NO, 3, 7 /X  FOR TFT* 

R  FC  ,  1  1  ,  1  , 1  * 

act,  I  I  ,  1  2  ,M0 , 3  ,S/R(;VT  NSP* 

R  I- C  ,  I  2  ,  1  , 1  * 

ACT, I  2,13,00,0.0,0* 

ACT,)  :’,20,CO,0.«»),10* 

Oin;  ,  1  3/UTCKOPT  ,(  10)14* 
'SF.S,4/(:K0UTCFI.,1  ,14* 

Al  l,, 14,  ,4,1  ,13/1S* 

R  FC  ,  1  5  ,  I  ,  1  * 

ACT,l S,16,NO,4 , 1 1 /CKOTPR EP* 

R  KC  ,  1  ft  ,  I  ,  1  * 

ACT, 1  ft , 1 7 ,N0, S , 12/FTSYSCO*, 

R  EC  ,  1  7 , 1  , 1  * 

ACT,17  ,lf«,NO,ft,  13/SFCURFCO* 

I!  FC  ,  1  R  ,  I  ,  1  * 


CFNFRATF  FIRST  4  FTS 
SOURCE  FOP  SURSFonr.NT  FTS 


CFNFRATF  300  KTR 
FTS  IMTT  FOR  RARCF 
FSTABLISMES  4  HARCFS 
AM.OTS  RARCF  TO  FT 

SHIP  FT  TO  VAFR 
FT  WAITS  TO  RF  UNLOAORO 
FSTABLISI'FS  TUF  NUMBER 
OF  FT  TRANSPORTS 
ALLOTS  TRANSPORT 
FT  WAITS  FOR 
STORACF.  CELL 

FSTARLISHFS  4  FT  STORACF. 
CELLS 

ALLOTS  ET  STORACF 
OFF  LOAD  FT 

TRANSPORT  FT  TO  STORACF 
INITIAL  FT  INSPECTION 


RFTUPM  XPOMT  TO  OOCR 
FT  WAITS  FOR  CPFCKOUT  CELL 
FSTARLISHFS  I  CHECKOUT  C  EM. 
ALLOTS  checkout  CELL 

PREPARE  FT  FOR  CHECKOUT 

CHECKOUT  FT  SYSTEM 

SECURE  ET  FROM  CHECKOUT 


( 
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I 

\ 


WFC,?I*,  1  ,1 

VAS,20  ,  I  ,IIF  ,  I  *  DKTPKMTKK  TARCF  ACTIVITTFS 

ACT,20,2l  ,NO,7  ,l^/'jnrTINn,(0)Al.FO.l*  NO  FTS  MM  AARCF 

*  LOAh  LAST  2  TP  AMS* 

*  PORT  STANOS 

RFC  21,1  1  * 

ACt|  2  I  ]?  >  ,1IH  ,  1  ,l6/«  FTH  AROR*  PFTURN  nAROF  TO  MlCIIOI'n 

FRK,  >?,  ,1  ,A,2*  FRF.F  4  BAKCFS 

ART, 22 , 2  2 , CO ,0.0 ,  I  7* 

STA ,2T/r \»CFPFL,l  ,1  ,n,R* 

ACT,2\  ,24,Cn,0.0,l«<' 

ACT,?0,24,NO,«,  10/T'.'OINETO,(0)Al.FO.2*  TOO  FTS  OM  BARCF 

*  load  FIRST  2  TRANS- 

*  PORT  STANDS 
\CT,2n,?4  ,rO,n.0,2O/OTHFRTN0.(9)Al.F.Q.3*  I  Oi;  \  FTS 


FRF, 24,  ,2,1  .M* 

ACT ,74 , 2  A ,ro ,0 . 0 , 2 1  * 

STA , 2 A/X  PORTK  FL , I ,1  ,0 ,B* 

ACT,  1  «,2  A  ,N0,  A  ,  22/PREPr.O* 

* 

ACT,IH  ,2f<  ,r.  0,0.0 ,23/ KTTOS  TOR* 
FPFF,2A, ,4 ,l ,14* 

ACT, 2  A, 2 7, CO, 0.0, 2 4* 

STA  ,  27 /COR  Ft,  ,1  ,  I  ,n,S* 
(>tiF,2F/FT'.;Arr,(  io)4Aa 
son , A3 ,0 , 1 A 

ACT,  A3  ,7<l  ,cn,0. 0,44/0  RNORB* 
oi>r,2'i/nRr,t.AM'* 

ACT,2‘>  ,10,N0.')  ,25/SAFFORB* 
RFC,  30,1  ,1* 

ACT, 30, 31 ,NO, 10,26/TOWOMCF* 
OHF,  31  /  WAf  TO'ICF  ,(  1  (»)3  2* 
RFS,A/OMr,FBAV,l  ,32* 

ALL, 12, ,A, I , 31 /33* 
t:  FC  ,  3  3  ,  1  , 1  * 

ACT,  3 3, 34  , VO, I  1 ,2  7/nMCFACT* 
0|'K,34/nRr,WAIT,(  10)35* 


ON’  n  ARCF.  NO 
SPFCTAt  ACT. 
FRF.F.  transport 


PRF.PARF  CIIFCKOIIT  CFl.L 
FOR  NFXT  FT 
RFTHRN  FT  TO  STORACF 
FRF.F  FT  CnF.CVOIIT  CFLL 


FT  F.'AITS  FOR  (ISF 
ROURCF  OF  opbITFR 
r.FNFUATF  ORBTTFF 

SAFF  ORBITCK 

TOW  ORBTTFR  TO  OMCF 
ORBITKR  WAITS  FOR  OMCF 
F.STABLIS  IIFS  1  OMCF  KAY 
allot  OMCF  KAY 

OMCF  ACTTVlTtFS 
ORBITKR  WAITS  FOR  DSF. 


SFl, ,  IS/^RSYOP  ,  ASM  ,(  7  )3A  ,  50* 

* 

* 

* 

* 

A  CT , 1 5 , 3  6 , CO , 0 . 0 , 2  H  * 

«  FC  ,  1  A  ,  I  ,  1  * 

ATT  ,^h,^  ,  VO  ,  A  ,  7S/M  ATRORR* 

ACT, 36, 37, CO, 0.0, 30* 

T••F,37  ,  ,  5  .  1  .32* 

ACT, 37, TV, CO, 0.0,31* 

STA , 3S/0MCFR  n.  , 1  , 1  ,0 , B* 

«  KC. ,  3  P  ,  I  ,  I  * 

ACT, 3 0, 40, VO, 1 2 , 33/rAnOPS* 

STA  ,4  0/i.ahnc  ”,  I ,  I  ,n,  R* 

* 

* 

\CT,40,41 .KO, 1 3, 3 3 /MISSION* 
011K,4l  /\’AITt.ANn,0,0  ,<7)42* 

I»  F.C  ,  4  2  ,  I  ,  1  * 

ACT,4  2 ,4 1  ,C0, 1  .0,34/nFLAYLANn* 

* 

ACT,  41  ,2P,Nn,14,35/f.ANnOPS* 
ArT,40,4  3  ,f'0 , 1  5  ,  TA/SFCPAO* 

R  rc ,  4  3 , 1  ,  1  * 

ACT,4  3,4  4  .VO,!  6 , 3  7  /  I!  FF  RBPAO* 

A  CT,  4  3, 44  .NO,  I  7,3  fl,  SMI  P  POT  PFFRR* 
H  FC  ,  4  4 , 2 , 2  * 

ACT, 4 4, 4 5, NO, I P , 39 / A SSYS R R* 

01IF,4  5/SRROMT,l,(10)46* 

* 

SF!.  ,  A SV  , (  7  ) 4  5 , 2 

* 

* 

ACT, 4 4 ,47 , CO, O. 35,40* 

F  FC  ,  4  7 , 1  ,  I  * 

ACT, 4 7 , 4 H, CO, 0.0,41* 
r«K,4R,  ,1,1  ,6* 
A<:T,4H,4P,rn,o.o,42* 
STA,49/FTSTRIf,,l  ,1  .P.B* 

ACT,47 ,50,r;n,l9,4  3/MATRRT* 
on  F , 50 / A  S  SV  W  A  I T , (1 0 ) 3  5* 


WHKN  ROTO  TOF  ORUTTFP 
AMP  ■^IlK  FT/RHB  ASSFMRl.V 
ARF.  AVATLIRLF.  TOFN  THF 

orbitfr  hatta’c  pro* 

CRSS  IS  RFC  ON 


MATF  ORUITFR 
FRF.F  OMCF  RAV 


LAONCO  PAP  OPFRATIONS 
CAONCn  ORRITFR  AMP 
RECORD  TTMF.  HFTUFFN 
SnCCFStVF  I.AONCOFS 
ORBTTF.R  MISSION  TIMF 
LANDING  OUFUF.  FOR  ORB  I  TER 

DELAY  I.ANPiriG  IF 
STRIP  IN  OSF 
LANPING  OPFRATIONS 
SECDRF.  PAD  FROM  LAUNCH 

RRFIIRBTSO  PNP 
REFIIRRTSII  Sl'PPORT  FONC 

STACK  SRRS  ON  PAD 
SRB  ASSY  WAITS  FOP  FT 
INITTALI.Y  ONF  TV  OUFUF. 
WPFN  AN  FT  AVD 
SRH  ASSY  ARV  aVAILTRI.F. 
THFN  FT  MATF.  IS  RFCIIN 
XPORT  FT  TO  PAP 


FREE  FT  STOKAGF 


MATF  FT  TO  SRR  ASSY 
SRR/F.T  ASSY  WAITS 
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*  T'lK  FOf.nwiKC  ABF  TIIF  PARAMFTER  SFTS  USF.n  FOR  TI'F  ACTIV* 

»  ITIKS  rSF.n  IN  THIS  MOT)KL.  THF  FIRST  HUMBER  AFTER  THE  PAR 

*  IS  TUF  PARAMETER  SET  NUMBER.  PARAMETER  SET  I  IS  FOR  A 

*  (lyiEORM  DISTRIBUTION.  IN  THIS  PARAMETER  SET  THE  FIRST 

*  PARAMFTER  IS  THE  MINIMUM  TIME  WHILE  THF  SECOND  PARAMETER 

*  IS  TI'F  MAXIM'l'l  TIME.  THF  REST  OF  THE  PARAMFTFRS  ARE  FOR 

*  THF  NOP.MAI.  niSTRIBHTTOV.  THE  FIRST  PARAMETER  IS  THE  MEAN 

*  TIME  ,  THE.  SECOND  IS  THE  MINIMUM  TIME,  THF  THIRD  IS  THE 

*  maximum  TTM|;,  and  the  LAST  PARAMETER  IS  THE  STANDARD  DE* 

*  VIATION.  AM.  OF  THF  PARAMETERS  ARE  IN’  DAYS. 

* 

* 

FAR, 1  ,  ,2S. 0,10.0*  SHIP  TIME  FOR  ET 

PAP  ,2  ,0. ni  ,n.0A6 ,0. 195  ,0.022*  OFF  LOAD  FT 

PAR  ,  I  ,0.  no  ,O.ORR  ,0. 1  53 ,0.01  1*  FT  XPORT  TIMK  AND 

*  ET  INITIAI.  INSPECTION  TIME 
FAR, 4,1  .025,1 .400,2.450,0.175*  PREP  FT  FOR  CHFCKOI'T 

PAR, 5, 2. «0, 2. 2  75, 3. 325, 0.1  75*  ET  CHECKOUT  TIME 

PAR  ,ri  ,  I  .  750  ,  I  .225 ,2. 275,0. 1  75*  SECURE  FT  FROM  CHECKOUT 

PAR  ,  7  ,0 .41  A  ,0.0RR,0.744  ,0. 109*  LOAD  ET  TRANSPORT 

*  STANDS,  0  IN  OUEUE 

PAR, S  ,0.214  ,0.  175,0.306,0.022*  LOAD  ET  TRANSPORT 

*  STANDS,  2  IN  OUEUE 

PAR.O  ,2 .000 , 1  ,  794  ,4 .025 ,0.372  *  SAFE  ORBITER 

PAR, 10, 0.100, 0.044, 0.306, 0.066*  TOW  ORB  TO  OMCE 

PAR, 11  ,16.310,10. 675, 21. 963,1. 88l*OHCF  ACTIVITY  TIME 

PAR, 12, 6. P4  7  ,  5. 3  3.9,8.356, 0.503*  PAD  OPERATION'S 

PAR, 1  3,4.00,2.00,6.00,1.00*  MISSION  TIME 

PAR  ,  14 ,0. I  75 ,0.044  ,0.438 ,0.044*  LANDING  OPERATIONS 

PA  R  ,  I  5 ,0.  I  7  5 ,0. 109 , 0.241  ,0.022*  SECURE.  PAD  FROM  LAUNCH 

PAR,  1  6, 4. 244, 2. 275, 6. 213, 0.656*  REFURBISH  LAUNCH  PAD 

PAR  ,  1  7 , 3 .675 ,2 . 888 ,4 .463  ,0.263*  REFURBISH  SUPPORT  FUNC 

PAR, 18, 4. 374 ,3.850,4.900,0. 175*  STACK  SRBS 

PAR, 19, 1.400, 0.875, 1, 925, 0.175*  ET  MATE  TIME 

FIN* 
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Table  XXX.  Paranetera  For  VAFB  Model 


tvi  ^  tn  «r(  trt  CM  irt  <si  vA  tr> 

(M  .M  «H  C^O  CM  CO  C^Q 

OOO  »H  »4  O  «-l  c^  o  ®  «-«  vS 


Q»r>«^  OOOQQOQQOQQ 
»r\<M  CM  O  O  O  O  Q  O  ^ 

CM  ^  O  O  O  CM  CM  O  CM  C>^  C^ 

•  ••I  •*••*•••••• 

OOO  cM<Mca^oc^2^o«-4^iw^ 

CM 


85^S^85^^§§5^  i^i§§ 

O  CM  CM  O  CM  C>^  C^  «3S  CM  “S  O  O 


O  O  C^CM 


M^C^C»N  Q  »C>^  vA  »ri  VTvNO  C^  Q  vO  O  OO  »-•  C»>  O 

A'M^'CN  »^CM  O  C^CM  O'©  O  C'^it  ^-C"^  o  w 

0'r4'r4«-l  ^  C^  CM  C^  CM  O  C»\  0^^  C^  O-e-  CM  CM  ^  CK 


O  O  O  O 


CM  CM  O  O  CM  ^  O  CM  OO  M3  O  O  M3  ^  ^  «-l 

CM 


S  8885^5^885^88^  8JC88 

a  I  •••■  a  ••.%••••..  I  a.  a  a 

O  CM  ^  00  00  M3  00  f^MSVA  C^  «-•  00  »A  *r\CM»H»-i 

At  At  ^  At  Mt  A  tA 


M3  mm  p  wMAm  lAom  o.*  o\  M>oo  Q 

mmm  p  o- cm®  c^cm^3  p  c^  o3- o  i>-oo 

OOOO  .  .J  CM  CM  O  «  M  O- OnO  ^  C»N  O  O  «-•  CM  m  m 

•  •••I 

»C^OOO  vC  CM  O  O  «-•  O  O  trtCM  O  O  CM  CM  C^ 
CM 


CM  C'NCM  CM.3F 


fW>  lAm  *<^  j 
A- CM®  ^wCM^.i 
CM  CM  O  «  M  O-  I 


»C^CM  Ov 
CM 


O  MS  o  o  o  o 

o  o  o  o  o 

«  •  •  «  «  I  a 

MSCM  »i^M3  CM 

MSMS  CM 


ooooppooo 

OOO  o^uSooo 


Q  MS  O  O  O  O 

C^OO  OOC)OOC>>r\<rsc300  ^CMOOO  O 

I  ••«!  ••••..•••aa|  a 

O  VA  M>  ^  CSI  O  O  CM  SA  O^MSOr^j}-  o 

tH  CM  ^  tH  CM  CM»-*M3  CM  0^3  iH 


o  o  m  cn  o  pM>  ^pa^O\a>Msrv.c)MSMS4-  vrsjt  co  o 

C^CM  CM  ®  CM  ^  J*->OpO»^Cli  OC^t^S-C^C^MSo 

<iMaM  «-C  O  0^00  CMCo-^^C^Of'®  O^^'HCM'OC^.  <»S^ 

•  ••••••••••••••••.•aaaa 

OOOO^CM«MOO^CMO'0<i-lM)3^OO.a^r^^  o»-< 


oJCJC§888»S,8«5^885^ 

^cnc»SOOOOr-CMOtMCM^OCM 

•  •••.•••.••a*aa 

aH^«M^CMCMO^CMOcrs«MM>CMm 
CMC^CM  CMC^  mCMC^ 


O  O  O  O  O  O  O 
O  O  p  O  O  O  O 
00^0000 

•  •••«•. 


sssssgsss 


oooooooooooo 


o 

ES 

•t»  Pi  o  .  cn 

l.llplf 

BlIlfiltEe 


m 

c 


t  2 

H 


V  5  ®  ,3 


lillltii&lllfsiliiillsH 


MSM3  t^m  O  •M  CM  CnMSOscSI  MSSO  (MM  c»Mnso  t^m  O'  p  C»3 
«>C<H«tC«H^«4CM(M(M  CM  CMCP|C»^C»^C»^C»^C»^C»^^.0 
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